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GENERAL  REPORT. 


The  conteots  of  the  preseot  volume  comprise  a  report  of  the  gen- 
eral work  of  the  State  Board  of  Healtb  for  the  year  endiog  Sept.  30, 
1895,  aed  of  that  which  relates  to  Water  Supply  and  Sewerage  for 
the  calendar  year  18if5. 

This  first  portion,  the  general  report,  paged  in  Roman  numerals, 
includea  a  brief  statement  of  the  work  done  under  the  statutes  which 
defiee  the  work  of  the  Board,  and  contains  a  summary  of  the  vital 
Etatistics  of  the  State  for  the  year  1894. 

The  second  part  of  the  report,  paged  in  Arabic  numerals,  contains 
the  fuller  details  of  the  work  of  the  Board,  under  the  acta  relating 
to  Water  Supply  and  Sewerage,  Food  and  Drug  Inspection,  Report, 
ing  of  Infectious  Diseases  and  such  papers  relating  to  special  topics 
as  the  Board  has  deemed  it  desirable  to  publish. 

The  following  members  comprised  the  Board  in  1895  :  — 

Henbt  p.  Walcott,  Chairman. 
Frank  W.  Drapeb.  I  Gerard  C.  Tobey. 

HiRAU  F.  Mills.  Charles  H.  Porter. 

Jaxes  W.  Holl.  1  JtLiAK  A.  Weao. 

Dr.  J.  A,  Mead  of  Wntertown  was  appointed  in  October,  1895, 
to  fill  the  place  made  vacant  by  the  death  of  Dr.  J.  W.  Hastings. 
Hiram  F.  Mills'  term  expired  in  May,  1895,  and  he  was  reappointed 
for  seven  years. 

During  the  year  1895,  in  addition  to  the  regular  routine  work  of 
the  Board,  the  following  special  lines  of  work  have  been  prose- 
cuted :  — 

Under  the  provisions  of  chapter  426  of  the  Acts  of  1894,  the  con- 
tract made  with  the  Eastern  Dredging  Company  for  the  purpoite  of 
dredging  certain  portions  of  the  Concord  and  Sudbury  rivers  was 
carried  to  completion  under  the  direction  of  the  Board. 
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Under  the  organic  act  creating  the  Board  and  requiring  it  to  "  take 
cognizunce  of  the  interests  of  health  and  life  among  thecitizens  of  the 
Commonwealth,"  the  Board  has  provided  a  continuous  supply  of  anti- 
toxin, for  use  throughout  the  Commonwealth,  for  the  purpose  of 
diminishing  the  mortality  from  diphtheria,  and  in  connection  with  the 
same  work,  has  organized  a  hncteriological  department  for  the  pu^ 
pose  of  experimental  and  executive  work  in  the  investigation  of  in- 
fectious diseases. 

The  duties  of  the  Board  as  defined  by  the  statutes  have  not  only 
been  increased  but  have  also  been  changed  in  their  character  since 
the  establishment  of  the  Board  in  1860.  At  that  time  the  work  of 
the  Board  as  set  forth  in  the  organic  law  of  June,  1869,  was  entirely 
of  an  advisory  nature. 

The  first  act  of  the  Legislature  giving  to  the  Board  executive 
powers  was  the  offensive  trade  act  of  )871,  whereby  the  Board  was 
authorized,  after  due  notice  and  hearing,  '*and  if,  in  the  judgraeat 
of  the  Board,  the  public  health  or  the  public  comfort  and  conveo- 
ience  so  required,"  to  order  parties  to  cease  and  desist  from  further 
carrying  on  such  trades  or  occupations. 

By  an  act  of  1878  authority  was  given  to  the  Board  to  "  have 
general  supervision  of  water  supplies"  and  to  investigate  the  pollu- 
tion of  them  and  its  causes.  It  was  also  empowered  to  issue  orders 
for  the  prevention  of  such  pollution.  This  act  was  repealed  in  1884 ; 
but  in  1886  another  statute  was  enacted,  the  scope  of  which  was 
much  broader  and  more  effective  in  its  operation,  since  it  not  only 
authorized  the  Board  to  make  experiments  and  investigations  in  the 
line  of  water  and  sewage  purification,  but  made  it  incumbent  upon 
all  cities,  towns,  corporations,  firms  and  individuals  to  seek  and 
obtain  competent  advice  before  introducing  systems  of  water  supply 
and  sewerage.  Liberal  appropriations  were  provided  for  carrying 
out  its  provisions. 

In  1882  an  act  was  passed  to  prevent  the  adulteration  of  food  and 
drugs  and  conferring  on  the  Board  the  authority  to  enforce  the  same. 
The  operations  of  the  Board  under  this  act  have  been  reported  in 
each  of  the  annual  reports  of  the  Board  during  the  past  thirteen 
years. 

Other  acts  of  minor  importance  have  from  time  to  time  been 
enacted,  increasing  gradually  the  executive  functions  of  the  Board 
white  its  advisory  powers  have  not  been  diminished.     Among  the 
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slatutes  of  this  character  may  be  named  the  act  relating  to  ice  sup- 
plies, the  BupervisioD  of  crematories  and  the  act  giving  to  the  Board 
co-ordinate  powere  with  local  boards  of  health  in  the  prevention  of 
the  Epread  of  contagious  diseases. 

Infectiocb  Diseases. 
No  serious  epidemic  occurred  during  1895.  So  for  as  can  be 
learned  from  the  returns  of  infectious  diseases  made  to  the  Board 
nnder  statutory  provisions  diphtheria  bad  increased  slightly  over  the 
prevalence  of  the  previous  year,  but  in  consequence  of  improved 
metbode  of  treatment  had  not  proved  ^o  &tal  as  in  former  years. 
Tbe  deaths  from  tcarUl  fever  were  much  fewer  than  those  of  either 
ltJ93  or  1894,  those  from  typhoid  fiver  were  slightly  less  than 
those  of  1893  or  1894,  and  those  from  measles  were  greater  than 
those  of  1894  but  leas  than  those  of  1893. 

8mall-pox. 
During  the  year  1895  not  a  single  death  from  small-pox  has  been 
reported  to  the  Board,  and  there  was  but  one  recorded  case  of  illness 
from  this  disease,  as  compared  with  a  total  of  185  cases  and  32 
deaths  in  the  previous  year.  Had  this  single  case  been  cared  for  in 
the  State  wbere  the  disease  originated,  as  ought  to  have  been  done, 
ve  should  have  been  able  to  record  an  absolute  immunity  from 
small-pox  throughout  the  year.  The  patient  in  this  case  was  a 
rtudeat  at  Yale  College,  where  he  was  taken  ill  and  was  allowed  to 
return  to  bis  home  in  Massachusetts,  travelling  through  two  States 
in  public  coDveyances.  Had  unvaccinated  persons  or  those  not 
recently  vaccinated  been  exposed  to  him  on  the  way,  the  conse- 
quences might  have  proved  disastrous. 

The  facta  in  this  case  are  presented  in  conformity  to  the  usual 
blank  form  employed  in  the  reports  of  recent  years. 


■I'-    I 


Other  States  and  Provinces.  —  While  Massachusetts  was  so  nearly 
exempt  from  the  invasion  of  small-pox,  other  States  suffered  consid- 
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1y  from  its  presence  during  the  year.  Id  compliance  with  the 
*stiite  resolutiona  adopted  at  Toronto  in  1886  notices  were  re- 
id  from  the  following  States  and  provinces  with  reference  to  the 
»nce  of  cases  of  smalt-pox  during  1895,  the  sum  total  being  at 
■  1,348  cases :  In  Maine  1  case,  New  Hampshire  lil,  Connecticut 
hode  Island  1,  New  York  2  (also  others,  the  number  not  stated), 
isylvania  327,  Maryland  60,  Ohio  205  (chiefly  in  Cincinnati), 
ligan  45,  Illinois  7,  Wisconsin  379  (chiefly  in  Milwaukee),  Mis- 
i  267,  Tennessee  3,  Minnesota  4,  Alabama  1,  Oklahoma  7, 
irio  16;  total,  l,34ti. 

Dtices  were  also  received  four  times  during  the  year  from  the 
ignition  office  at  New  York  of  the  arrival  of  the  following 
ners  with  cases  of  amall-pox  on  board  :  the  "Ems  "from  Bremen, 
28;  the  "  MUochen  "  from  Bremen,  June  19;  the  "Marsala" 
3tly  Greeks),  October  6.;  the  "California"  (mostly  Italians), 
;m>>er  3. 

16  names  of  immigrants  on  these  steamers  destined  for  Massa- 
etta,  with  the  places  of  destination,  were  also  forwarded,  and 
I  immediately  transmitted  by  the  Board  to  the  local  boards  of 
Lh  in  the  cities  and  towns  to  which  such  immigrants  were  bound. 


Typhoid  Fever. 
le  number  of  reqoests  which  have  been  made  for  the  assistance 
le  Board  in  investigating  the  causes  of  typhoid  fever  has  mate- 
y  lessened  within  the  past  two  years,  the  cause  being  undoubt- 

due  ia  a  great  measure  to  the  continuous  introduction  of  new 
purer  water  supplies  for  domestic  use  in  cities  and  towns,  and 
idoption  of  methods  of  protecting  existing  water  supplies  from 
ition  and  the  purification  of  certain  waters  by  filtration. 
fie  mortality  from  typhoid  fever  in  1894  was  only  '6.1  per  10,000 
tie  population. 
be  following  figures  represent  approximately  the  mortality  from 

disease  in  the  different  counties  of  Massachusetts  in  1894  per 
00  of  the  population  living  in  each  county.  They  show  not  only 
isened  mortality  as  compared  with  the  figures  of  earlier  periods, 
also  a  greater  uniformity  in  the  different  counties. 
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Death  Sou  per  10,000  Lining  from  Typhoid  Fever  in  Maatachutetta  (by 
Counties),  1894. 
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One  of  the  moet  commoD  meana  by  which  typhoid  fever  is  spread 
among  the  population  is  the  milk  supply.  Epidemics  of  this  char- 
acter have  been  investigated  by  the  Board  ia  recent  years  iu  Cam- 
bridge, Somervtile,  Woburn,  Spring&eld,  Marlborough  and  Newton. 
Three  such  epidemics  in  different  years  have  occurred  in  Cambridge, 
all  of  them  apparently  due  to  infection  of  the  milk  supply,  either  at 
its  source  upon  the  producing  dairy  farms  or  at  the  place  of  collec- 
tion for  distribution  in  the  city.  Hence  the  importance  of  securing 
the  greatest  care  in  preventing  the  occurrence  of  the  disease  among 
persons  employed  either  at  the  dairies  or  at  the  places  where  the 
milk-cana  are  handled  and  cleaned,  at  the  final  place  of  distribution. 
No  person  who  has  the  slightest  symptoms  of  typhoid  fever  should 
be  allowed  to  engage  in  these  occupations  until  complete  recovery 
baa  taken  place.  Mild  or  "  ambulant"  cases  are  more  dangerous 
than  severe  cases,  in  which  the  sick  are  confined  to  bed,  since  the 
former  are  far  more  liable  to  infect  the  milk  supply,  as  has  been 
found  in  the  iDvestigatioos  conducted  by  the  Board. 

The  following  rules  recommended  by  Dr.  Kussell,  senior  medical 
officer  of  health  of  Glasgow,  would,  if  everywhere  enforced  upon 
dairy  farms,  diminish  very  greatly  the  prevalence  of  typhoid  fever 
in  our  cities  and  towns :  — 


I.    The  first  and  foremost  requirement  ia  absolute  cleanliness  in  all  the 
details  ot  dairy  work. 
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The  oow  §tftble  shonld  be  of  ample  size,  capable  of  thorough  tod 
lent  cleaoing ;  ft  should  be  well  lighted,  preferably  by  sunlight,  and 
d  be  well  Teolilated. 

To  ensure  the  greatest  freedom  from  milk  infection,  the  farmbouM 
d  be  separated  from  the  buildings  used  for  dairy  purposes. 

No  person  who  is  sufFering  from  an  infectious  disease  (or  one  wbicb 
iys  any  suspicion  of  infection), orwhohas  been  in  any  way  in  communi- 
n  with  an  infected  person  or  thing,  should  engage  in  the  milk  buaiaeBS. 

Tbe  milk  of  sick  animals,  or  of  those  which  bare  saspicioua  erap- 

about  tbe  udder  or  teats,  should  not  be  sold  for  food  for  human 
[■■ 

Tbe  udder  and  teats,  if  soiled,  sboald  be  washed  before  milking; 
I  water,  soap  and  towels  shoald  be  at  hand  for  tbe  use  of  milkers,  wba 
d  be  instructed  to  use  them  hetoro  milking. 

Healthy  cattle,  healthy  attendants,  and,  above  all,  perfect  cleanli- 
io  dairy  work  mean  money  both  to  the  producer  and  to  Ibe  retailer  of 

te  following  table  preaenti*  tbe  statistios  of  mortality  from 
Old  fever  in  the  cities  of  Massachusetta  from  187L  to  1H94, 

the  mean  anoual  death  rates  from  this  cause  in  five-year 
ps. 
le  table  shows  a  notable  decrease  in  tbe  mean  aonual  death  rate 

typhoid  fever  in  tbe  four  years  1S91-34,  as  compared  with  tbe 
id  immediately  preceding. 
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1.  Tha  prewntion  of  overcrowding.  In  tenemeate  and  in  dwelling- 
bouses  the  prevention  of  overorowding  dimiDishes  the  liability  to  contract 
tabercalar  diseases  among  tbe  occupants. 

Hence  tbe  adoption  of  measares  which  sball  connteraot  the  effect  of 
overcrowding  ia  desirable.  Ventilation  is  one  of  the  most  efficient  of  such 
meoBiirea.  Adequate  ventilation  should  be  provided  in  all  factories,  halls, 
school-houses  and  other  baildings  in  which  people  asBemble  in  considerable 
numbers.  Simple  methods  of  ventilatioD  in  the  living  and  sleeping  rooms 
of  dwellings  are  also  essential  to  healthy  living.  Open  fireplaces,  movable 
transoms  in  sleeping  rooms,  provision  for  admitting  freeb  air  at  the 
windows  by  special  means  are  all  useful  precsntioas. 

2.  Household  as  well  as  personal  deatdinen  is  essential  to  the  preven- 
tion  of  consumption.  The  removal  of  dust  from  floors  should  be  practised 
and  care  should  be  taken  that  such  duat  is  removed  by  such  means  as  will 
ensure  the  least  diSnsion  through  tbe  air  of  rooms  during  their  occupancy. 

3.  Occapatifms.  Tha  selection  of  a  healthy  occupation  ia  a  matter  of 
no  email  importance. 

Sedentary  occupations  in  ill- ventilated  apartments  and  those  which  ex- 
pose tbe  workman  to  tha  inhalation  of  dust  should  be  avoided.  Different 
sorts  of  dust  vary  in  harmful  effects.  The  sharp  dust  produced  in  the 
grinding  of  needles  and  steel  tools  and  in  the  mining  of  metals  ta  especially 
irritating,  and  tbe  mortality  from  consumption  among  operatives  in  such 
industries  is  high.  Operatives  engaged  in  such  occupations  may  diminish 
the  liability  to  barin  by  wearing  "  respirators"  over  the  month  and  nose, 
while  at  work. 

In  several  factories  where  consumption  had  made  serious  inroads  upon 
the  operatives,  the  adoption  of  meosareB  for  the  prevention  of  a  dusty 
atmosphere  secured  a  marked  diminution  of  the  prevalence  of  this  disease 
smoDg  the  workmen  employed  in  them. 

Segnlor  daily  exercise  in  the  open  air  is  of  the  first  importance  for  all 
persona  who  are  engaged  in  sedentary  occupations. 

Tbe  owners  and  superintendents  of  factorietf  miHa  and  workshops  can 
accomplish  much  toward  tbe  prevention  of  tuberculosis  among  the  operatives 
by  the  introduction  of  adequate  systems  of  ventilation  and  beating,  and  by 
tbe  use  of  hard,  smooUi  floors  without  cracks  or  crevices. 

Tbe  dust  should  be  removed  from  the  floors  at  night,  after  working 
iioura,  and  not  daring  the  occupancy  of  the  workrooma.  Tbe  use  of 
moisture  in  the  removal  of  dust,  and  careful  wiping  with  damp  cloths  is 
preferable  to  sweeping  up  the  dnst  when  dry.  Spitting  upon  the  floor 
■bould  be  forbidden. 

i.  Food.  As  an  essential  reqaisite  to  tbe  prevention  of  consumption, 
a  diet  of  sonnd,  wholesome  food,  in  which  the  chief  elementary  forms  of 
nutriment  are  harmoDiously  combined  (the  fata,  starches  and  proteids)  is 
necessary.     Such  a  diet  shonid  consist  mainly  of  bread  and  tbe  various 
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eiklB  wiUi  batter  and  other  fats  ia  geoerons  measare,  together  with  meat) 

I  and  fruits.    Tbia  doea  not  imply  a  luzurioua  or  expeaaive  diet,  bat 

tier  ooe  that  is  natritiouB  and  eaaily  digeated. 

The  question  of  the  efTect  of  the  ase  of  the  meat  and  milk  of  tuberculovi 

mats  doea  not  yet  appear  to  be  bo  well  settled  as  to  admit  of  an  nuquali- 

I  oonclusion. 

.n  the  absence  of  abeolnte  and  definite  evidence,  it  is  therefore  desirable 

t  the  meat  of  all  suspected  animals  should  be  cooked  thoroughly  before 

ng  it  as  food.    The  milk  of  such  animals  sbonld  be  entirely  excluded 

m  the  food  supply. 

i.     Ovenvork,  anxi^y,  worry  and  eaAauition  should  be  avoided.    Mothers 

•uld  be  advised  to  wean  titckling  infants  by  the  end  of  the  first  year. 

Disposal  of  Spvta, 
!.  With  reference  to  those  who  are  sick  with  consumption  or  tubercn- 
ia,  and  especially  with  reference  to  the  possibility  that  their  presence 
ong  other  human  beings  may  prove  a  source  of  danger  on  account  of 
ection,  the  following  recommendation  as  to  the  disposal  of  the  expectora- 
1  of  consumptives  should  be  especially  noted. 

Observation  and  experiments  have  demonstrated  the  fact  that  in  this 
>ectoration  (especially  when  dried)  lies  the  chief  danger  of  infectioQ, 
1  hence  its  proper  disposal  becomes  a  matter  of  prime  importance, 
erefore,  eputa  should  never  be  allowed  to  become  dry,  and  should  be 
>troyed  as  quickly  as  possible.  Consumptives  should  be  instructed  not 
expectorate  about  rooms,  in  streets  or  highways,  in  railway  or  street 
a,  or  In  vehicles  of  any  sort,  but  should  spit  into  rags  which  can  be 
ned,  or  into  cups  or  other  receptacles  containing  a  little  water  or  other 
terial  which  may  be  thoroughly  disinfected  before  the  same  is  allowed 
pass  into  the  drain  or  sewer.  Such  receptacles  should  be  cleansed  with 
ling  water. 
\.  healthy  person  should  not  sleep  in  the  same  room  with  a  consumptive. 

Disinfeaion. 
J.    Spnts  may  best  be  burned  when  deposited  npon  pieces  of  clotb  or 
;8 ;   and  when  pnt  into  cups  or  receptacles  holding  wator  the  whole 
luld  be  disinfected  with  a  saturated  solution  of  carbolic  acid,  which  may 
obtained  of  any  reliable  druggist. 

Disinfection  should  be  practised  in  the  case  of  rooms  or  apartments 
icfa  have  been  vacated  by  consumptives  or  those  in  which  such  persons 
re  died.  There  is  a  growing  belief,  supported  by  observation,  that 
ims  which  have  been  inhabited  by  consumptive  families  may  become 
-manently  infected,  and  ought  not  to  be  occupied  until  radical  measures 
re  been  taken  to  cleanae  and  disinfect  them.    Each  room  vacated  by  a 
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tobercnlous  pfttient  shoQld  be  disiafected  aad  especially  the  floor  and 
loirer  parts  of  the  walls.  For  this  purpoee  washing  the  floor  and  all  wood- 
work with  a  oorrosive  sablimate  solntion,  one  part  to  one  thousand  (about 
one  teaspoonful  to  a  gallon  of  water)  sbonld  he  practieed,  and  the  bed  and 
clotbiDg  of  the  last  occupant  should  be  submitted  to  steam  disinfection  or 
to  boiling  water.  Strong  soapsuds  also  have  efficient  disinfecting  power, 
and  ma;  be  used  for  washing  fioora  and  woodwork.  The  disinfection 
■hoald  be  thoronghly  done,  but  especially  so  in  cases  where  the  habits  of 
the  conBomptiFe  in  regard  to  disposal  of  bis  sputa  have  been  careless. 

As  a  means  of  spreading  information  upon  this  important  subject,  local 
boards  of  health  can  undoubtedly  accomplish  much  toward  the  prevenUon 
of  consumption,  by  issuing  a  circular  like  the  following :  — > 

The  Prevention  of  Comumplion. 

Consumption  is  the  most  desti'uctive  disease  of  New  England,  the  number  of 
persons  dying  annually  from  this  cause  in  Massachusetts  amounting  to  nearly 
six  thousand. 

The  disease  is  InfecUous,  and  can  be  communicated  from  one  person  to  another. 
The  chief  danger  exists  in  the  expectoration  of  the  sick,  and  if  this  expectoration 
is  carefully  destroyed  little  danger  need  be  feared. 

Consumptives  should  be  instrncted  not  to  spit  upon  the  floors  of  rooms,  public 
halls,  street  and  railway  cars,  and  other  vehicles,  nor  in  the  streets,  but  into  pieces 
of  cloth,  or  receptacles  made  for  the  purpose,  containing  water,  or  a  saturated 
Bolotion  of  carbolic  acid  (one  part  of  carlx>lic  actd  crystals  to  about  fifteen  part^  of 
water).  Such  bits  of  cloth  should  be  destroyed  by  fire,  before  the  sputa  become 
diy,  and  other  receptacles  should  be  cleansed  with  scalding  water,  their  contents 
having  been  destroyed  or  otherwise  carefully  disposed  of.  Handkerchlefa  which 
may  have  been  used  from  necessity  should  be  boiled  half  an  hour  before  washing. 

A  healthy  person  should  not  sleep  in  the  same  room  with  a  consumptive. 

Kemember  that  spnta  must  never  be  allowed  U}  become  dry. 
Orrica  or  ihb  Suts  Bo^bd  or  Bultd,  Bmtob. 
Jwi(ui7,  ISM. 

Local  BoAHDa  of  Health. 
Nearly  fifty  years  ago  (1850)  the  sanitary  commissioD  of  Massa- 
chusetts advised  the  obligatory  appointmeDt  of  boards  of  health  in 
every  city  and  town  in  the  State,  and  afler  the  establishnient  of  the 
Stnte  Board  of  Health  in  1869  tbia  Board  frequently  called  attention 
to  the  need  of  legislation  baring  this  end  in  view.  But  not  until 
1877  was  legislation  enacted  requiring  such  boards  to  be  appointed 
as  a  compulsory  measure,  and  even  then  the  requirement  applied  to 
GitieH  only.  The  Board  has  from  time  to  time  ui^ged  the  necessity 
of  farther  legislation  requiring  similar  action  on  the  part  of  towns, 
and  especially  in  the  case  of  those  having  large  populations. 
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1  made  in  this  direction,  however, 
1894,  of  which  the  following  is  a 
Acta  of  1894)  was  amended  later 
islatare,  eo  that  the  amended  act 


iDdid  by  ehkpUr  473,  Acts  of  1891.] 

>N   OF   BOABDB    OF    HEALTH    IM  TOWHB. 

'omm  on  wealth  mn;  elect  a  board  of 
g  of  the  town,  or  at  a  meeting  legall; 
'  three  persona,  to  serve,  one  for  the 
of  two  years  and  one  for  the  term  of 
nday  in  April  then  next  ensuing  anil 
choeen  and  qualified ;  and  thereafter 
meeting,  choose  in  the  same  manner 
hree  years  from  the  first  Monday  of 
lother  ia  chosen  and  qualified  in  his 
the  selectmen  shall  constitute  aucb 

{73  of  1894. 

n  having  a  population  of  more  than 
ned  by  the  last  census,  at  least  one 
fsician,  and  the  board  shall  send  an 
I  town  to  the  state  board  of  health, 
-escnhed  and  furnished  by  the  state 

iter  eighty  of  the  Public  Statutea  is 
;nty-one,  twenty-eight,  twenty-nine, 
three,  thirty-four  an<l  thirty-five  of 
.  and  sections  one  and  two  of  chapter 
e  acts  of  the  year  eighteen  hundred 
by  striking  out  the  words  "  or  health 
eiu.     [^Approved  April  7, 1894. 

ion  known  as  the  MaBsachusetts 
108  proved  a  decided  stimulus  to 
I  advantages  secured  to  its  mem- 
1  of  the  many  questions  which  are 
of  municipal  sanitary  administra- 
zation  consist  mainly  of  the  mem- 
nd  of  aucb  other  persons  as  are 
pene.  Meetings  have  been  held 
ra  or  more,  and  at  each  meeting 
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This  stotute,  however,  doea  not  prevent  the  State  Board  from  con- 
sulting with  and  advising  locol  boards  in  regard  to  the  disposal  of 
local  nuisances  whenever  such  action  is  necessary. 

Statistical  Sdhharies  of  Disease  and  Mortality. 
These  summaries  comprise  the  results  of  the  collection  of  such  statis- 
tics as  are  furnished  to  the  Board  by  the  local  authorities  of  cities  and 
towns,  either  voluntarily  or  by  statute  requirements.     They  consist 
of  four  different  series  or  sets  of  tabular  material,  as  follows :  — 

1.  The  weekly  mortality  returns,  or  the  summary  of  the  voIud- 
tary  returns  of  deaths  ia  those  cities  and  towns  whose  registration 
officials  return  these  data  to  the  State  Board. 

2.  Summary  of  cases  of  infectious  diseases  reported  to  local  boards 
of  health,  selected  and  compiled  from  the  annual  reports  of  such  boards. 

3.  Summary  of  cases  of  infectious  diseases  reported  by  local 
boards  to  the  State  Board  —  chiefly  diphtheria,  scarlet-fever,  measles 
and  typhoid  fever — under  statutory  requirement. 

4.  Annual  returns  of  deaths  in  each  city  and  town  having  over 
5,000  population,  also  by  statutory  requirement. 

As  a  matter  of  convenience  these  summaries  have  been  grouped 
together,  and  are  presented  on  pages  711-750  of  this  report. 

Notification  of  Infectiods  Diseases. 

The  plan  of  requiring  notice  to  be  given  of  the  occurrence  of  infec- 
tioas  diseases  was  established  nearly  a  century  ago  by  statutes  mak- 
ing such  notices  compulsory,  both  on  the  part  of  the  householder  and 
of  the  attending  physician.  But  little  care  was  taken  to  secure  the 
enforcement  of  such  laws  until  within  the  past  twenty-five  years, 
when  these  laws  were  made  more  efficient  by  the  requirement  of 
penalties  for  neglect  to  comply  with  them  and  the  introduction  of 
other  features  providing  for  the  systematic  recording  of  data  by 
local  boards  of  health,  and  still  later,  by  the  statute  requiring  a 
further  report  by  the  local  board  to  the  Stale  Board  of  Health. 
Similar  statutes  have  been  in  force  in  England  for  several  years,  and 
the  information  thus  furnished  has  frequently  proved  of  great  value 
in  tracing  the  cause  of  epidemics  and  of  devising  and  providing 
means  for  their  prevention. 

A  summary  of  the  reports  received  from  the  different  municipal 
authorities  required  to  report  to  the  State  Board  of  Health  may  be 
found  in  that  portion  of  the  report  entitled  Statistical  Summaries  of 
Disease  and  Mortality. 
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Food  and  Drdg  Inspectidi 

The  importaoce  of  an  abundaDt  and  whole8< 
the  preaervation  of  the  health  and  strength  of  : 
be  OTer-estimated. 

The  operatioDS  of  the  Board  under  the  provie 
drug  acta  have  in  each  year  from  1883  to  the  pre 
the  sahject  of  a  special  report,  in  which  are  pn 
particulars  of  the  work  accomplished  during  tht 
upon  food  and  drug  inspection  presents  a  tabi 
entire  work  from  1883  to  1895  inclusive,  toge 
of  prosecutions  submitted  to  the  Legislature,  ac 
Hnilj^Bts  for  the  year  ending  Sept.  30,  1895. 

From  this  report  it  appears  that  7,309  sample 
vere  examined  during  the  year,  at  a  total  cost 
lection,  analysis  and  prosecution  of  til, 375. 89. 

The  number  of  prosecutions  conducted  in  thi 
and  the  number  of  convictione  was  86,  or  93.5  ] 

6ACTBRIOI.OQICAL   WO&K   AND   ORQANIZATION 

Hitherto,  the  principal  department  of  bacteric 
conducted  by  the  Board  has  chiefly  been  the  exai 
water  supplies  with  reference  to  their  possible  co 
germs  of  typhoid  ferer  and  kindred  diseases,  bu 
which  have  been  made  in  recent  years  in  the 
natural  history  of  other  infectious  diseases,  a 
their  prevention  and  the  consequent  lesseninj 
these  causes,  have  led  to  the  extension  of  tt 
fields. 

Td  the  last  report  of  the  Board  (page  cvii)  re 
the  work  which  had  been  initiated  by  the  Boan 
of  antitoxin  and  its  distribution  to  boards  of  h( 
State.  For  this  purpose  the  services  of  Dr.  . 
secured.  He  entered  upon  his  duties  with  entl 
fully  carried  out  the  plans  which  the  Board  bai 
end  in  view.  To  his  energy  much  is  due  for  the 
of  this  new  and  important  line  of  work.  Since, '. 
desirable  to  enlarge  the  scope  of  this  department 
to  obtain  the  services  of  an  expert,  who  could  di 
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)o  bacteriological  work  and  at  the  same  time  conduct  iDvestigatioiiG 
D  Buch  oew  fields  of  inqairy  as  might  be  presented. 

For  this  purpose  the  Board  appointed  Dr.  Theobald  Smith  of 
(VaabiDgtoD,  D.C.,  formerly  Chief  of  the  Divieion  of  Pathology  of 
:he  Bureau  of  Animal  Industry  of  the  Department  of  Agriculture. 
k  laboratory  was  established  in  the  building  known  as  the  Bus«ey 
[nstitutioD,  near  the  Forest  Hills  station  of  the  New  York,  Xen 
[laven  &  Hartford  Railroad,  where  facilitiee  were  also  offered  for 
itabling  and  caring  for  the  horses  required  for  antitoxin  production. 

More  recently  the  work  of  examination  of  cultures  in  suspected 
;ases  of  diphtheria  was  entered  upon,  and  still  later  the  examination 
)f  sputa  suspected  of  containing  the  bacilli  of  tuberculosis.  The 
ippearance  of  malarial  fevers  in  regions  hitherto  uninraded  has  also 
suggested  the  examination  of  the  blood  of  malarial  patients,  and  mtii 
ih\B  end  in  view  circulars  have  been  issued  to  local  boards  of  health 
>ffering  the  services  of  this  department  in  making  the  necessarj' 
diagnostic  examinations. 

A  report  upon  the  production  of  antitoxin  may  be  found  among 
the  special  papers  in  this  volume,  and  in  the  next  annual  report  fu^ 
Irher  information  will  be  given  in  relation  to  the  other  branches  of 
[>acteriologicaI  inveetigation. 

Lead  Poisoning  Br  Means  of  the  Use  op  Lead  Pipe  roK  the 
Conveyance  of  Deinkinq  Water, 

In  a  State  in  which  one  hundred  and  fifty  municipalities  are  sup- 
plied with  water  from  nearly  as  many  distinct  and  separate  aourcee, 
the  quality  of  the  water  furnished  to  consumers  presents  very  many 
points  of  difference,  as  is  specially  shown  by  the  reports  of  the 
Board  upon  the  examination  of  water,  issued  during  the  past  seven 
^ears. 

In  the  present  report  (page  30)  reference  is  made  to  the  present 
water  supply  of  one  town  (Kingston),  where  a  considerable  number 
of  cases  of  lead  poisoning  occurred  during  the  past  year. 

The  water  furnished  to  consumers  in  this  town  appears  to  have 
acted  with  unusual  power  upon  lead  pipes,  especially  upon  those 
which  were  comparatively  new.  It  was  also  found  on  investigation 
that  lead  pipe  was  used  in  Kingston  to  an  unusual  degree  for  house 
connections  with  the  street  pipes,  and  long  lines  of  such  service 
pipes,  several  hundred  feet  in  length,  were  employed  in  not  a  fen 
instances. 
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These  facts,  together  with  a  careless  use  of  water  which  bad  bi 
allowed  to  stand  in  the  pipes  over  night,  undoubtedly  accounted 
the  cases  of  illness,  some  of  which  were  severe. 

An  investigation  is  now  being  conducted  by  the  Board  with  i 
erence  to  the  question  of  lead  poisoning  by  drinking  water  suppl 
in  general,  and  will  be  reported  upon  in  a  future  report. 

The  State  Board  of  Health   Exhibit  at  the  Cotton  Stat 

AND   InTERNATIOKAL  EXPOSITION   AT   ATLANTA,   GeOROIA. 

The  following  invitation  was  received  in  August,  1895,  from 
Secretary  of  the  Board  of  Managers  representing  Massachusetts 
the  Atlanta  Exposition  ;  — 

BoaTDN,  U4ae.,  Aag.  21,  IBS 
To  Ike  Secretan/,  MaaiaehuteUs  Board  of  HtaUh,  Slate  Boust,  Boston. 

Deab  Sib  :  —  It  is  the  desire  of  this  Board  that  your  department  mi 
&a  exhibit  at  the  Cotton  States  aud  IntematioDal  Exposition,  Atlaatn,  G 
to  l>e  located  in  the  State  building  to  be  erected  on  the  Ezposition  groun 
We  Doderetand  that  you  are  willing  to  make  an  exhibit  of  this  kind. 

If  convenient,  as  a  matter  of  record,  we  should  like  to  know  w 
exhibits  you  intend  to  or  can  make  conveniently.  I  suppose  it  will 
scarcely  possible  for  you  to  give  this  statement  in  much  detail  at  this  tai 
Can  yoD  make  an  approximate  estimate  of  the  probable  cost  of  such 
exhibit  to  the  State,  including  of  course,  the  getting  of  it  to  Atlanta,  p 
ting  it  up,  and  properly  returning  it  into  your  possession? 
Very  truly  yonre, 

Uekrt  G.  Kittredqe, 

Seeretari 

The  Board  accepted  the  invitation  thns  tendered  to  them  a 
placed  the  work  of  preparing  the  exhibit  in  charge  of  Prof.  Wm. 
Sedgwick,  who  bad  successfully  managed  the  Board's  exhibit 
1893  at  the  Columbian  Exhibition  at  Chicago. 

Ample  room  was  furnished  for  tbe  exhibit  in  the  second  story 
the  Massachusetts  building  at  tbe  Atlanta  Exposition. 

The  material  of  this  exhibit  was  essentially  the  same  as  that  whi 
was  presented  at  the  Exposition  at  Chicago  in  1893,  and  was  c 
tailed  in  tbe  twenty-fifth  annual  report  of  tbe  Board  (page  xvii 
with  such  additions  as  represented  the  progress  made  by  the  Bot 
by  its  sanitary  work  during  the  two  years  which  bad  elapsed  sic 
the  World's  Fair.     These  were  chiefly  tbe  maps,  plans  and  rep 
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showing  the  Metropolitao  water  supply,  plans  of  the  SIter  for  puri-   i 
fying  the  city  water  supply  of  Lawrence,  photographs  of  the  anti- 
toxin laboratory  at  Forest  Hills,  and  plans  of  the  more  recent  systems 
of  sewage  disposal  adopted  by  cities  and  towns  since  1893. 

The  directors  of  the  Exposition,  acting  upon  the  suggestion  of  the 
jury  of  award,  awarded  the  grand  prize,  or  gold  03edal,  to  the  State 
Board  of  Health  "  for  a  comprehensive  exhibit  of  the  meaoB  and 
methods  adopted  by  the  Board  to  promote  the  health  of  the  people  , 
of  the  State  and  the  country." 


Manual  of  Health  Laws. 
The  Board  has  published,  at  intervals  of  three  or  four  years  since 
1882,  a  digest  of  the  laws  relating  to  public  health  in  force  in  this 
Commonwealth,  each  revision  containing  all  of  the  new  health  stat- 
utes and  amendments  up  to  the  date  of  publication,  together  with 
such  decisions  of  the  supreme  court  as  have  been  made  upon  cases 
which  have  been  referred  to  it  under  these  statutes.  This  manual 
has  proved  a  very  useful  aid  to  the  work  of  local  boards  of  health, 
as  well  as  to  all  persons  connected  with  or  interested  in  sanitary 
work. 

Water  Supply  ahd  Sewerage. 

The  engineering  department  of  the  Board  was  established  in  1886, 
by  authority  of  the  new  power  conferred  upon  the  Board  by  the  en- 
actment of  chapter  274  of  the  Acts  of  that  year.  F.  P.  Stearns, 
C.E.,  was  appointed  as  engineer  of  the  Board  in  September,  1886, 
and  continued  as  its  engineer  till  August,  1895,  when  he  was  ap- 
pointed engineer  of  the  Metropolitan  Water  Board,  and  X.  H. 
Goodnough  was  appointed  engineer  of  the  State  Board  of  Health. 

It  is  difficult  to  estimate  the  extent  of  the  useful  results  accom- 
plished under  the  provisions  of  this  act  during  the  ten  years  since  it 
became  a  law  of  tlie  Commonwealth. 

An  experiment  station  has  heen  established  for  the  purpose  of  in- 
vestigating the  important  subjects  of  filtration  of  waterand  of  sewage ; 
thousands  of  samples  of  water,  of  sewage,  of  sands,  gravels  and  other 
soils  have  been  examined ;  rivers,  brooks,  ponds,  lakes  and  springs 
have  been  visited  and  investigated  in  reply  to  applications  for  advice 
with  reference  to  their  usefulness  for  the  purposes  of  water  supply 
or  to  the  prevention  of  their  pollution ;   hearings  and  conferences 


1896.]  PUBLIC  DOCUMENT  — No.  34.  xxvii 

with  city  and  town  authorities  have  been  frequently  held,  and  advice 
haa  been  given  under  the  statutes  to  municipal  authorities,  corpora- 
tions, firms  and  individuals  in  at  least  four  hundred  instances,  and  in 
cases  in  which  the  value  involved  has  ran^red  from  that  represented 
by  some  comparatively  small  seashore  water  supply  to  those  of  the 
large  cities  involving  several  millions  of  dollars. 

In  this  department  have  been  planned  several  of  the  most  impor- 
tant and  extensive  schemes  relative  to  the  water  supply  and  sewer- 
age of  large  communities. 

These  were  the  North  Metropolitan  sewerage  system,  providing 
for  the  sewage  disposal  of  eighteen  municipalities,  most  of  which  are 
north  of  the  Charles  Kiver.  This  plan  was  reported  to  the  Legislat- 
ure in  1889,  and  was  then  ordered  to  be  constructed  and  is  now  in 
operation.     The  cost  of  the  works  has  been  about  $5,500,000. 

The  planning  of  the  Metropolitan  water  supply  was  entrusted  to 
the  Board  and  was  reported  upon  in  1895,  and  is  now  in  course  of 
construction. 

This  extensive  work  will  provide  a  water  supply  for  twenty-eight 
municipalities,  containing  at  present  about  one  million  inhabitants, 
at  an  estimated  cost  of  $27,000,000. 

Other  duties  entrusted  to  the  Board  of  a  similar  nature  were  the 
improvement  of  the  Concord  and  Sudbury  rivers,  the  improvement 
of  the  Neponset  River,  the  reporting  of  a  system  of  sewerage  and 
sewage  disposal  for  Salem  and  Peabody,  and,  in  connection  with  the 
Metropolitan  Park  Commission,  the  improvement  of  the  lower  por- 
tions of  the  Charles  River,  and  later  still,  as  a  Joint  Board  with  the 
Harbor  and  Land  Commission,  an  investigation  of  the  tireen  Harbor 
dike  and  marshes. 

The  work  of  the  Board  in  this  department  for  the  year  1895  is 
presented  in  this  report.  It  includes  the  following  topics  :  Advice 
to  cities  and  towns,  details  of  the  examination  of  water  supplies  and 
of  rivers,  summary  of  water  supply  statistics  and  records  of  rain- 
fall, the  hardness  of  water  and  methods  by  which  it  is  determined, 
experiments  upon  the  purification  of  sewage  and  water  at  the  Law- 
rence Experiment  Station,  methods  of  determining  the  numbers  of 
bacteria  in  sewage  and  water,  and  an  account  of  the  sewage  disposal 
works  now  in  operation  in  the  State. 
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DOt  all  of  which  Bhftll  be  wholly  withia  either  of  said  muDtcipalitieB,  as  ma 
in  the  opinion  of  said  board,  be  beet  drained  b;  said  ByBtem.  It  shall 
the  dnt;  of  said  board :  —  First.  To  designate  the  portions  of  said  city  a 
town  which  shall  be  tributary  to  and  embraced  in  the  district  and  system 
be  BO  reported,  and  to  deSne  the  same  by  their  report,  with  plans  and  maj 
Second.  To  define  and  show,  by  suitable  plans  and  luapB,  such  trunk  li 
and  main  branches  as  it  shall  recommend  to  be  constructed,  with  outli 
Third.  To  consider  the  varioua  methods  of  disposal  of  sewage  and  t 
application  of  such  methods  to  any  portion  of  the  territory  herein  mentione 
and  to  define  the  methods  by  which  said  city  and  town,  or  parts  of  said  ci 
and  town,  may  utilize  said  trunk  line  and  main  branches  as  an  outlet  of 
system  of  sewerage  and  drainage  for  said  city  and  town  and  said  parts  i 
said  city  and  town  respectively ;  and  to  show  the  same  by  plans  and  ma] 
Fourth.  To  employ  sucb  engineering  and  other  assistance  as  may 
necessary  for  carrying  out  the  objects  of  this  resolve,  and  to  cause  su 
surveys  and  levels  to  be  made  as  will  enable  said  board  to  determine  w: 
accnracy  the  location  and  grades  of  said  trank  line  and  main  branches,  a 
also  such  aarveys  and  levels  in  said  city  and  town,  and  parts  of  said  c 
and  town,  as  will  enable  said  board  to  determine  with  accuracy  the  metho 
by  which  said  city  and  town,  and  parts  of  said  city  and  town,  may  respi 
tively  utilize  said  trunk  line  and  main  branches,  and  to  report  snch  methc 
by  plans  showing  the  main  lines  by  which  each  may  so  provide  for  itself 
system  of  sewerage  and  drainage  with  its  outlet  into  said  trank  line  or  mi 
branches.  Fifth.  To  define  the  size  and  capacity  of  said  trunk  line  and  mi 
branches,  and  the  materials  of  which  they  shonld  be  conetrncted  and  me 
ner  of  construction,  and  such  other  particnlara  as  will  enable  said  lx>ard 
determine  the  probable  expense  thereof ;  and  to  ascertain  and  report  I 
cost  of  the  constrnction  of  said  trunk  line  and  main  branches  and  outl 
and  to  report  a  recommendation  as  to  the  methods  of  apportioning  said  co 
All  expenses  incurred  by  said  board  under  the  provisions  of  this  resol 
Btkall  be  reported  to  the  governor  and  council,  and  all  snch  expenses  wb 
approved  by  them  shall  be  paid  out  of  the  treasury  of  the  Commonwealt 
bat  the  total  expenditure  shall  not  exceed  three  thousand  dollars.  T 
Commonwealth  shall  be  reimbursed  for  such  expenditure  under  this  resol 
u  shall  have  been  approved  by  the  governor  and  council  in  tbe  follow! 
manner: — The  town  of  Peabody  and  the  city  of  Salem  shall  each  p 
SDcb  proportion  of  tbe  above  expenditure  as  the  said  board  shall  deem 
be  equitable,  and  tbe  amounts  so  to  be  paid  by  each  shall  be  assess 
aad  collected  by  the  treasurer  of  the  Commonwealth  at  the  time  requii 
for  tbe  payment  of  tbe  state  tax  of  said  town  and  said  city  respective! 
Said  board  shall  make  all  reports  required  by  this  resolve  to  the  genei 
court  on  or  before  the  first  Wednesday  of  January  in  the  year  eighte 
bandred  and  ninety-six.     [^Approved  May  29,  1895. 
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The  expenditures  in  1895  under  the  foregoing  appropriations  were 
as  follows :  — 

Qenerai  Expendilurts  Sept.  30, 1894,  to  Sept.  30, 1895. 

SalflricB $1,820  00 

Travelling  e^tpeoses 841  99 

StatioDery, 192  75 

Printing 1,472  66 

Books,  aubscriplioDs  and  blading, 196  89 

Typewriting  and  library  auppliea 18  18 

Telephone, 89  45 

Telegrania 6  95 

Postage 234  21 

Postal  orders 7  38 

Expresa 178  97 

Advertising, 36  15 

Wrapping  paper  and  twine, 37  39 

Copy  press, 30  00 

Zinc  plates,  eto 35  92 

Extra  services, 45  00 

Drafting  diagrams, 22  00 

Services  of  messenger, S23  78 

Special  investigations, 325  92 

Cooking  utensils  and  enamelled  ware  for  analyais,.        .  17  19 

Ice  collection  for  analysis, 2  40 

Chemical  eiaminations 9  00 

Recording  temperatures  o£  Charles  River,        ...  2  00 

J.  W.  Smiih  (weather  reports) 76  00 

Sundry  ofGee  supplies  and  incidental  eipenaea,       .        .  297  25 

Inspection  services 30  00 

f9,336  40 

Expenditures  at  Baeleriological  Laboratory. 

Salaries |1,845  69 

Extra  SI 
Services, 

Labor  (care  horses,  etc.), 197  10 

Travelling 24  92 

Apparatus,  chemicals  and  supplies 2,344  03 

Purchase  of  horses  and  other  animals,      ....  199  86 

Board  of  horses, 696  32  , 

Eipress 11  79 

Telephone 80 

Postage, 71 

Stationery, 2  99 

Duties  and  charges  on  imported  apparatus,     ...  36  92 

Copy  press, 27  65 

Mailing  cases, 4  60 


22  00 
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Jgwdiu  under  Chapter  375  of  Acta  of  1888  {ProUeHon  of  Purity  of  Inlan 

WaUra)fir  Calendar  Year  1895. 
Salsriea,  inclnding  waiges  of  laborers  at  Lawrence  Expetimeiit  Sta- 
tion   124,147  b 

ApparatDS  and  materials, l,99fi  C 

Bent  of  Rooms  at  Massacbosetts  lustitnto  of  Techaolog;,         .        .  687  E 

Bent  of  Lawrence  Experiment  Station  (eleven  moDths),  ...  137  £ 

TrRTelling  ezpenBes, 1,285  f 

Express  charges, 708  t 

Useof  tools  and  office,  Lawrence  Experiment  Station,       .                .  3S6  f 

Books,  itationer;  and  drawing  materials, fi13  ' 

Uapg,  blue  prints  and  photographs, 88  { 

[Ud  [or  collecting  samples, 17  J 

Postage  stamps 72  ( 

Messengers,  telegrams  and  telephone  messages,         ....  16  S 

Printing, 95  £ 

Tolal 129,999  S 

For  Food  and  Drvg  Inspection  for  Year  ending  Sept.  30, 1895. 

Saluies  of  analysts, |4,500  ( 

Salaries  of  inspectors, 8,963  i 

Travelling  expenses  and  parchase  of  samples 1^26  ( 

Apparatus  and  chemicals, 911  'i 

Printing, 4  ( 


Legal  services, 45  ( 

Sundry  small  supplies 29  ( 

Extra  eeirices, 92  ( 

Total »11376  ( 

H.    P.    WALCOTT, 
H.   F.   MILLS, 

F.  W.   DRAPER, 

G.  C.  TOBEY, 
J.   W.   HULL, 
C.  H.   PORTER, 
J.  A.   MEAD. 


ImOTEMENT  OF  THE  CONCORD  AND  SODBORT  ElTEES. 


E  CONCORD  AND  SUDBURY  RIVERS. 


t  of  the  Board  (page  cviii)  reference  was 
1  statute  of  1894  providing  that  the  Board 
orations  upon  the  Concord  and  Sudbury 
mproving  the  condition  of  the  meadowa 

}rk  as  directed,  the  Board  made  the  foN 
al  Court  InFebruary,  1896,  under  the  title 
Jl:  — 

WKILTH    OF    HlBIACHCBSITB. 

BcwTOH,  Fab.  6,  1S96. 
)DC0rd  and  Sudbury  rivere  has  been  carried  on 
four  hundred  and  twenty-siz  of  the  acta  of 
four,  aection  one,  which  is  as  follows :  — 

)  hereby  authorizud  and  directed  to  expend  during 

;eeding  twenty  thousand  dollars,  in  dredging  the 
y  rivers  above  the  dam  at  North  Billerica  and  re- 
'ers,  and  in  such  other  measures  aa  shall,  in  the 
e  restoration  of  the  marshes  along  the  said  rivers 
}  the  abatement  of  malaria  and  other  perils  to  the 
present  state  of  the  same.     lApproved  May  24, 


ct  that  one-half  the  expense  incurred  shall  be 
cnefited  by  the  improvement,  the  other  half  be- 

1  and  Sudbury  rivers  referred  to  extends  from 
4ver  at  North  Billerica  for  a  distance  of  about 
>  a  point  in  Wayland.  Within  this  distance 
>arB  over  which  the  water  was  only  from  two 
immer  season.  At  these  shallow  places  there 
of  weeds,  greatly  obstructing  the  flow  of  the 
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UpoD  tbe  paseage  of  the  act  of  eighteen  hundred  and  niocty-four  the 
board  took  the  matter  immediately  under  coneideratioa  and  succeeded  id 
findiog  tbe  original  plans  made  bj  tlie  commission  of  eighteen  huodred  and 
sixty-one,  also  a  profile  showing  tbe  effect  of  various  changes,  such  aa  the 
lowering  of  tbe  dam,  the  removal  of  weeds  and  the  excavation  of  the  bars, 
in  addition  to  the  lowering  of  tbe  dam.  Note-bookscontaining  the  original 
levels  were  also  obtained. 

Tbe  method  of  operating  the  water  power  at  North  Billerica  during  the 
time  covered  by  tbe  investigations  was  found  to  be  for  some  reason  entirely 
different  from  what  it  was  in  1861,  the  water  in  the  millpond  under  ordinary 
sammer  conditions  now  being  drawn  from  twelve  to  eighteen  inches  below 
tbe  top  of  the  flosbboards  in  tJie  day  time,  but  filling  up  and  running  freely 
over  tbe  flashboards  again  at  nine  or  ten  o'clock  at  night;  whereas  in  1861 
tbe  water  waa  almost  invariably  above  tbe  top  of  tbe  fiashboards  throngbout 
the  day  except  when  tbe  water  was  purposely  maintained  at  a  low  level. 
On  account  of  this  change  in  the  method  of  operation,  tbe  old  report  gives 
very  little  information  as  to  the  effect  of  lowering  tbe  water  at  the  dam 
during  tbe  day  by  tbe  ordinary  operation  of  the  mills  upon  the  water  in  the 
long  pool  above  the  Fordway  bar. 

The  diversion  of  water  from  the  Sudbury  River  watershed  by  the  city  of 
Boston  baa  caosed  a  lowering  of  tbe  water  in  tbe  summer  season  along  tbe 
river  below  the  point  of  diversion,  so  that  the  conditions  in  this  respect 
also  are  different  from  what  they  were  in  1861.  Tbe  conditions,  on  the 
whole,  were  fonnd  to  be  such  that  tbe  board  found  it  necessary  to  make  an 
investigation  to  determine  how  great  an  improvement  of  tbe  river  could  be 
made  by  the  expenditure  of  (20,000  and  whether  the  probable  result  to  be 
obtained  would  warrant  the  expenditure  proposed. 

Tbe  Investigations  indicated  that  with  a  higher  flow  than  often  occurs 
daring  Jnly  and  August  it  was  not  probable  that  the  water  at  Farm  Bridge 
in  Wayland  would  stand  more  than  two  feet  two  inches  above  the  level  of 
the  fiasbboarda  of  tbe  dam  at  North  Billerica,  unless  water  was  being 
wasted  from  tbe  dams  of  the  Boston  waterworks  into  the  river  below  in 
addition  to  the  small  amount  which  the  city  of  Boston  is  required  to  let  run 
io  the  river.  With  the  flow  of  water  which  makes  the  height  of  tbe  water 
U  Farm  bridge  two  feet  two  inches  above  tbe  level  of  the  top  of  the  flash- 
boards  the  depth  of  the  water  flowing  over  the  Qashboards  in  the  morning 
ia  about  five  inches ;  consequently,  the  height  of  the  water  at  Farm  bridge 
with  tbls  amount  of  water  flowing  was  only  one  foot  nine  inches  above  the 
level  of  the  water  in  the  millpond  just  above  the  dam.  As  no  stream  will 
Bow  unless  tbe  water  has  a  slope,  it  was  obvious  that  tbe  most  extended 
improvement  of  the  river  which  could  be  made  without  lowering  the  water 
at  the  dam  would  lower  the  water  at  Farm  bridge  less  than  one  foot  nine 
iocbes. 
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ret  bare  upon  the  Btream  above  North 
Teet  from  tbe  dam,  where  there  ia  a 
a  distance  of  five  hundred  feet  up 
re  ita  upper  end  and  about  half  a  mil 
cb  extends  for  a  dietancc  of  seven  hi 
red  feet  above  the  Fordway  bar  is  Po 
UB  the  Fordway  bar  and  at  a  conaidi 
:  these  bars  in  the  morning  when  t 
rds  at  the  dam  was  found  to  be  onl] 
nent  which  conld  be  made  at  these  b 
ible  would  have  been  sufficient  to  lov 
&t  this  place  unless  there  was  also  a  1 

course  of  the  investigations  it  was  li 
the  quantity  of  water  which  can 
imited  by  the  obstruction  caused  by  i 
:y  channel  below  it.  Owing  to  these 
le  daytime  the  full  flow  of  the  river 
rtioD  of  it  runs  to  waste  over  tbe  fl 
ioDS  should  be  partially  or  wholly  re 
icoportion  of  the  total  flow  of  the  tIi 
ifited  thereby.    There  was  some  qi 

this  benefit  the  mill  owners  might 
rds  by  an  amount  dependent  upon  1 
i  in  case  such  an  arrangement  bad  b 
7  bar  would  have  received  the  full  I 
rds  and  a  slight  additional  lowering 
inel  through  the  bar ;  but  the  bars  ii 
d  of  hard  material  which  would  bav 
Elve  limited  the  improvement  in  tbe  r 
t  a  satisfactory  and  permanent  impn 
■yt  have  been  made  with  tbe  amouo 

ftll  tbe  circumstances  the  conclusiot 
ist  be  spent  in  dredging  the  bars  in  t 
al  plans  were  considered,  one  of  wbii 
y  feet  wide  on  tbe  bottom  through  1 

River,  and  twenty  feet  wide  on  the 
tbet,  as  far  as  tbe  bar  just  above  1 
anncis  were  to  be  five  feet  below  the 
d  been  completed ;  but  It  was  not  { 

a  few  bars  where  the  depth  was  ab< 
ver  these  bars  was  so  great  that  tl 
tr  in  more  than  a  slight  degree.  A  < 
prevent  the  future  obstruction  of  th 
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The  improvement  propoBed,  it  was  eetimated,  woald  make  do  change  in 
the  level  of  the  water  below  Barrett's  bar  in  Concord.  Above  this  point 
there  would  be  a  reduction  in  the  height  of  the  water  of  five  inches  at  the 
janctiOD  of  the  Sudbury  and  Asaaljet  rivers,  nearly  six  inches  from  a  point 
above  the  bara  in  Concord  to  a  point  Just  below  Bobbins'  bar,  seven  inches 
jtiat  above  Bobbins'  bar,  and  ten  and  one-half  inches  at  Farm  bridge. 
These  amonnlfi  were  estimated  apon  the  basis  of  a  fairly  high  summer 
flow  BQch  as  is  nnosnal  in  July  and  August,  though  it  is  exceeded  in  wet 
years. 

The  amonnt  of  lowering  of  the  river  that  could  be  obtained  was  so  small 
that  before  deciding  to  enter  upon  the  work  the  Board  consulted  with  the 
meadow  owners,  who  were  to  pay  half  the  cost,  as  to  whether  this  amount 
of  lowering  of  the  surface  of  the  river  was  sufficient  in  their  opinion  to 
warrant  the  expenditure.  A  meeting  was  held  July  26, 1894,  and  the  mat- 
ter presented  to  the  meadow  owners  by  the  Board.  The  meadow  owners, 
after  hearing  the  opinion  of  the  Board  as  to  the  amount  of  improvement  that 
could  be  accomplished  by  the  proposed  plan,  held  a  meeting  and  subaequeutly 
informed  the  Board  that  it  was  their  earnest  desire  that  the  plan  be  car- 
ried out  as  proposed.  Upon  the  meadow  owuers  expressing  a  desire  that 
the  work  sbonld  be  done  as  proposed,  the  Board  at  once  prepared  plans  and 
advertised  for  proposals  for  the  excavation  of  the  proposed  channels,  and  a 
contract  was  awarded  August  30,  IS94,  for  the  excavation  of  the  various 
bars  at  the  rate  of  39}  cents  per  cubic  yard.  The  contractor,  however, 
failing  to  faroiah  satisfactory  sureties,  bids  were  again  asked  For  and  the 
contract  subsequently  awarded  to  the  Eastern  Dredging  Company,  who 
were  bidders  at  the  time  the  contract  was  previously  awarded  and  were  now 
the  lowest  bidders,  at  48  cents  per  cubic  yard.  The  contract  was  made 
September  22,  1S94,  the  contractors  agreeing  to  complete  the  work  by  De- 
cember 1,  1895.  The  time  required  for  the  preparation  and  transportation 
of  machinery  to  Concord  to  begin  the  work  was  such  that  owing  to  the  late- 
ness of  the  season  the  beginning  of  the  work  was  postponed  until  tbe  spring 
of  1895,  when  the  dredging  in  the  stream  was  begun  April  4.  The  work  was 
pnwecated  from  this  time  until  the  twenty-flrat  of  December,  and  tbe 
dredging  of  all  the  bars  up  to  the  canal  bridge  in  Wayland  was  completed. 
A  list  of  the  bars  dredged,  with  the  total  number  of  cubic  yards  removed 
from  each,  is  given  in  the  following  table : — 
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work.  So  payment  baa  been  made  for  dredging  done  in  the  month  of 
December  after  the  date  fixed  in  tbe  contract  for  the  termination  of  tbe 
work. 

Appropriation 120,000  00 

Salaries  of  engiaeers  and  assiatants,  inclndiog  prelim- 
inary investigation  and  the  inspection  of  the  work, ,        .  |2,935  35 
Travelling  eipeoaea  and  subsistence  of  engineers,     .  330  83 

Paid  Eastern  Dredging  Company, 11,791  SO 

Labor 196  86 

Observations  of  ganges 59  05 

Expenses  for  boats 21  10 

Surveying  instrumenia  and  repurs, 9  20 

Stationery  and  postage, 3  90 

Drawing  materials, 6  33 

Maps  and  plans 5  90 

Lumber 43  65 

Tools,  rope  and  other  supplies, 80  13 

Expressage, 2  20 

Telephone  and  telegraph  messages, 11  14 

Total 16,438  89 

Balance  nnexpended 91,561  11 

Estimate  of  amount  of  work  done  after  December  1,  $993  90 

Fifteen  per  cent  held  back  from  monthly  estimates,  .        .    2,256  02 

3,248  92 

Balance  to  apply  for  dredging  above  Canal  bridge,    .  11,318  19 

There  are  no  other  outstanding  bills. 

The  material  dredged  has  been  disposed  of  generally  by  dumping  it  into 
the  river  at  places  where  it  is  wide  and  deep ;  but  material  taken  from  the 
Concord  bar  and  mnch  of  that  from  the  Canal  bar  was  deposited  apon  the 
lurface  of  the  meadows  near  the  river. 

There  remain  to  be  dredged  between  3,000  and  4,000  yards  in  order  to  com- 
plete the  work  as  planned,  and  I  estimate  that  if  the  amonnt  unexpended  is  re- 
appropriated  there  will  still  be  needed  an  additional  appropriation  of  $1,000. 
Tbe  dredging  of  a  portion  of  the  Canal  bar  under  the  Canal  bridge  will 
have  to  be  omitted  unlese  the  bridge  is  removed,  because  any  movement  of 
material  nnder  or  near  the  bridge  would  be  likely  to  cause  it  to  collapse. 
Respectfully  submitted, 

X.    H.    GOODNOUGH, 

Acting  Chief  Engineer. 
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!  1.—  Marriagca.  BirOu  and  Deaiha  in  Maa$achuseUa  {1842-1894),  wiA 
PopuliUion  and  Raletper  1,000  Living. 
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aoTso 

lUI 

11,M« 

I8,»a4 

B.7S7 

J3.44 

28 .08 

i,Mi',iao 

11^ 

39.m 

18;48S 

11.820 

18.46 

1W3 

1,07&,073 

13,818 

30, MO 

30.301 

28!8B 

».7a 

18.88 

1.103.SM 

18,888 

11,414 

10|483 

34.80 

30.00 

!»;  :   :    :   : 

i;m,»B9 

3a;»4* 

»;7«8 

■"•"' 

29.01 

18.37 

H.8 

IMS 

1.UI.44I 

13.711 

10,91 

18.00 

11.1 

18S7 

S6',3SO 

aiiaso 

loioa 

"M 

i:i»0',584 

10.627 

34,4»1 

20,778 

vt'.ni. 

S8!07 

1MB.      .         .         .         . 

l,ilO,«4J 

14.408 

18.98 

29.» 

ll.l 

IW,      .        .         .        . 

i,«i,oir 

titOi 

J^051 

M,W 

12.983 

29.38 

18.14 

l,2Sa,!77 

lOfili 

34,080 

11,380 

17.78 

18.0S 

19.44 

ism!  ■.    :    :    : 

9,801 

17.00 

34.92 

1863 

loiiis 

30 1314 

2,M3 

14.20 

iImbjm 

11,613 

30,44» 

x'.^M 

i»:s7 

24.17 

Miss 

iJb;  :   :   :   : 

l,HT,«SI 

»,34» 

M,I3£ 

*;0B7 

38.87 

3.' 

SM.     .        .       .       . 

1.3M.»(tt 

14,418 

34.0Si 

a.«7 

10.448 

S2.U 

38.18 

18.14 

32,778 

13,2W 

M.n 

17.00 

ins.    '.'.'.      '. 

i^ajs^oio 

an!  1*3 

3».003 

lOUN) 

2o!ll 

IS.  18 

KIW 

]4n,i2i 

nisM 

38,141 

mIom 

io:oe7 

20.M 

34.40 

18:30 

178,     .... 

I^J,SSI 

37.330 

10,030 

ly^ 

1.4M.334 

13,740 

M,«l 

37,843 

11,848 

nil 

38.8) 

28.11 

WW 

i. 

m,   '.'.'.'. 

io!4flg 

sa'.m 

t. 

i',flii;M3 

13[mM 

uleai 

31,887 

13,744 

28!32 

tn,  .    .     .    '. 

l,»l^1t 

i3,Ma 

4S,MM 

lelw 

18.83 

11.17 

97 

I,«r7.«ti 

4I,14» 

38,180 

s,9«g 

16.20 

28.11 

«;i.    .... 

1, 703.182 

IJS8 

41;M0 

31,342 

W,S08 

W.47 

10:40 

»-» 

1.7W.410 

2,W3 

n.e4 

B7S 

18.803 

w'.Ni 

3li«ll 

8|4H 

«" 

i',m',Oti 

]7|e84 

46  i  670 

38,786 

8:»26 
8.703 

iri; 

14180 
34.93 

30.10 

mi'.   '.'.'.'. 
im 

i!b7«!883 
1,90B,«3 

I8:ill4 

3-;748 

91437 

19:38 

ibIio 

14.48 

20:11 

IW,    .      .     .      . 

l,Mt,l4l 

i7)a»2 

48!  790 

38i094 

io;«w 

J7.68 

19.81 

IMS.      ...         . 

l.M8,n4 

18,018 

W,788 

13.&U 

18.04 

16.41 

11.84 

63,174 

13,411 

ibsbI     '.'.'.'. 

64;8IK1 

43io07 

13,790 

ioIm 

is™,    ...       . 

-2,17«ll» 

ioiaw 

I6,i98 

18;74 

38:33 

19.30 

ins,  .... 

t,t3t,W 

671777 

43;618 

14,340 

S.W«,911 

11,376 

88,004 

48,183 

17,819 

18.04 

19.T4 

18W,  .    .    .   : 

I,3M,I(I»3 

48,783 

20.84 

19W 

a,8w,iie 

4»,084 

18,108 

28.09 

1894.      ...         . 

lolois 

0«'.03« 

4fl;7»l 

»;i45 

n'.H 

ins,   ...     . 

fimiM 

-~ 

_^ 

leiUlliUoafltaa  Brail 
iCHCDndllHof  lUlli 
baiuilallo  lor  1849  ■! 


ii  ymn  dI  nglstnllini  tra  for  Ibe  y  wn  «d 
I  for  1848  Li  for  tba  tlghl  monUi*  aodlng  I 
or  eub  of  th«  followlDg  ^Mn  kn  for  Ih* 


1896.]  PUBLIC  IX>CUMENT  — No.  34.  1i 

All  eetimates  of  inter-censal  years  in  the  table  on  the  foregoing 
page  are  made  in  accordance  with  the  rule  recommended  by  Dr. 
Fan-  (the  geometric  rate  of  increase). 

The  vital  atatiatics  of  the  first  seven  years  of  registration  (1842-48), 
together  with  the  returns  of  marriages  for  1849,  must  be  regarded  as 
extremely  defective ;  many  of  the  returns  from  Suffolk  County  for  this 
period  are  wanting,  together  with  those  of  some  of  the  small  towns. 
From  the  year  1849  onward  the  omissions  probably  conetitute  but  a 
small  percentage  only  of  the  total  registration. 

The  figures  for  the  population  of  census  years  are  given  in  bold 
type. 

Interstate  and  Intehnational  Vital  Statistics. 
The  following  table  presents  briefly  the  marriage,  birth  and  death 
rates  of  the  New  England  States  for  a  period  of  twenty  years,  or 
for  so  long  a  time  as  they  were  accessible. 

8  of  the  principal  European  countries  are  also  pre- 
a  from  this  portion  of  the  table  being  mostly  obtained 
t  of  the  registrar  general  of  England  for  1894. 
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Mabbiaoes. 

The  whole  number  of  marriages  registered  in  Massachusetts  in 
1894  was  20,619.  This  number  was  equivalent  to  a  rate  of  16.86 
per  1,000  of  the  estimated  population  (persous  married),  or  8.43 
marriages  in  each  thousand.  It  was  also  equivalent  to  one  marriage 
in  each  119  persons. 

The  number  of  marriages  was  less  by  2,195  than  those  of  1893. 

Hie  marriages  and  marriage  rates  for  the  ten  years  (1885-94) 
were  as  follows :  — 


Table  3.  -^Marnages  and  Marriage  Ratet,  188S~94. 

TBAM. 

M>rTl*««>, 

17.062 
18.018 
19.633 
19,739 

1888.      

18.7 

1890 

20.838 

18.6 

22.507 
223W 

Mean, 

The  marriage  rate  was  less  than  that  of  any  year  since  1879. 
That  of  the  ten-year  period  (1885-94)  was  18.5. 

MoTTtages  hy  Gotmties, — The  number  of  marriages  in  each 
cooDty  dnring  the  four  years,  1891,  1892,  1893  and  1894,  together 
with  the  marri^e  rates  for  1890,  were  as  follows ;  — 
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Seasons.  —  The  marriages  by  calendar  months  were  ae  follows  for 

1894 :  — 

Table  6.  —  Marriages  by  Months  {1894). 


UurlKH. 

MonthlT  RUIn 

HanUcu. 

MonUilr  Bntlo 

Janoary,    . 

April, 

May,  .         . 
June..        . 
July,  .        . 
August,      . 

1.634 

1.088 
1,053 
1.867 
1,405 
2.433 
1,437 
1,400 

93.3 
68.8 
GO.l 

110.1 
80.2 

143.6 
82.1 
79.9 

September,      . 
Octobi-r,  . 
November, 
UiJL'embtir,  .    . 

ToUl..        . 

Mean. . 

2,005 

2.:i77 
2,376 
1.544 

118.3 
135.8 

140.2 
88.1 

20.619 

lOO.O 

■  In  tills  rolumo  ibe  InaccniaciM  dne  U  ifae  aneqaal  leniitbs  of  tbe  niontbs  are  ellmliuted  \tj 
Inding  ibe  dailj  number  of  marrikgei  In  eacb  monih  iDd  mmparlDg  tbis  number  iritb  a  dailj 
nndud  of  100  for  ibe  wbole  jt»x. 

The  mean  daily  number  of  marriagea  for  the  year  was  56.5. 

The  greatest  daily  number  of  marriages  occurred  in  June,  October 
SDd  November,  and  the  least  in  March,  February  and  August. 

The  i>erceDtages  of  marriages  in  each  quarter  were  as  follows: 
first  quarter  18.31  per  cent,,  second  quarter  27.67,  third  quarter 
23.48,  fourth  quarter  30.54. 

Births. 

The  whole  number  of  living  births  registered  in  Massachusetts  in 
1894  was  66,936,  which  was  larger  than  that  of  any  previous  year 
since  the  beginning  of  registration.  The  birth  rate  was  27.4  per 
1,000  of  the  estimated  living  population,  which  was  less  than  that 
of  either  1891,  1892  or  1893,  but  greater  than  that  of  any  previous 
year  since  1874. 

The  births  and  birth  rates  for  the  ten  years  1885-94  were  aa 
follows :  — 

Ta  ble  7.  —  Birlha  and  Birth  Rates,  Ten  Years,  1885-94. 


Tub. 

Blnlu. 

BinbBUM. 

Tuu. 

Bintai. 

Blrtb  Balu. 

2: 

1887; 
1888. 
1889. 
1890 
1891, 

48,790 
50,788 
53.174 
64,898 
57,075 
67,777 
63,004 

25.1 
25.4 
85.0 
26.9 
26.2 
25.8 
27.6 

1892.  . 

1893.  . 

1894.  . 

Total, .       . 
Mean, . 

65,824 

67,192 
66,936 

28.1 
28.1 

27.4 

585,453 

26.6 
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Births  by  Counties.  —  The  numbers  nf  living  births  in  each  county 
during  the  four  years  1891,  18!i2,  1893  and  1894,  together  with  the 
birth  rates  for  1890,  were  as  follows :  — 


Table 

10.- 

-  BiTlha  by  Counties,  1891-94,  and  Birth  Sales,  1890. 

' 

isa*. 

.«.. 

ISM. 

Binb  Ritea, 
ISM. 

The  State, 

63,001 

66324 

67,192 

66,936 

26.81 

BaniBUble 

630 

546 

516 

636 

16.38 

fortshire. 

2,179 

2,083 

2,283 

2.248 

26.32 

Bristol,  . 

fi,436 

6,924 

6,200 

6,188 

26.68 

DakeB,   . 

66 

71 

73 

65 

Ess*,,    . 

7304 

7,784 

8392 

8,177 

23.68 

FrankliD, 

813 

898 

908 

912 

19.68 

Hampden. 

4,611 

4,708 

4364 

4309 

30.47 

Hampshire, 

1.229 

1,194 

1,194 

20.90 

Uiddlesex, 

12,347 

\2fin 

13.197 

13.216 

25.85 

Naniiicket, 

62 

60 

66 

66 

16.30 

Norfolk, 

2.947 

2,956 

3,132 

3,ina 

22.78 

Wjm..Qth, 

1.946 

2.144 

1,976 

18.96 

Snffolk,  . 

15.227 

16,542 

15,538 

16,408 

Worcester, 

7,971 

8,208 

8,696 

8,237 

26.07 

Illegitimacy. — The  number  of  illegitimate  births  registered  io 
,  1894  was  .564.  The  statistics  of  the  years  1891,  1892,  1893  and 
[      1894,  with  the  ratios  per  1,0C0  of  living  births,  are  as  follows  :  — 


1 

Table  n.  —  Ilhgilimale  Births. 

1 

lUUoptr 
l,c>WBinhi. 

T„^ 

1,000  Bfnlu. 

1891,       . 
1       1892.       . 

1,078 
990 

17.1 
16.0 

1803,      .        .        . 
1894,       . 

640 
664 

10.2* 

10.9* 

Table  12  — 

IllegUimatc  Births 

by  Counties  (3891, 1892, 1893 

^ndl894). 

Staii. 

1 

1 

■i 

i 

1 

i 

i 
1 

! 

1 

1 

1 

j 

\ 

1 

fc 

1S91,    . 

1078 

11 

21 

60 

79 

6 

44 

7 

121 

1 

22 

14 

65+ 

49 

im,  . 

991) 

H 

27 

65 

3 

HI 

10 

62 

12 

171 

3 

21 

1.1 

446 

69 

im.  . 

640 

10 

26 

.59 

1 

34 

10 

46 

« 

I4(t 

V 

23 

II 

14 

H7 

im.  . 

664 

6 

33 

63 

1 

100 

7 

52 

22 

168 

2 

25 

16 

14 

66 

Iviii 
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In  the  foregoing  table  are  preeented  the  Btatistics  of  illegitimate 
births  by  counties  for  the  four  years  ending  with  181)4.  The  special 
point  worthy  of  note  in  this  table  is  the  apparently  defective  record 
of  Suflblk  County  for  the  years  18y3  and  1894. 

Plural  Births.  —  In  1894  there  were  registered  654  cases  of 
plural  births,  Iraing  in  the  ratio  of  9.8  per  1,000  births.  The  nuna- 
ber  of  children  bom  was  1,316,  of  which  number  1,292  were  twioa 
and  24  were  triplets.  Of  the  whole  number,  658  were  males  and 
657  were  females. 

The  statistics  for  the  four  years  1891,  1892,  1893  and  1894  were 
as  follows :  — 


Cum  of 

HnDbrn  of 

N^s^rot 

•fTwlofc 

IDOBlCutOf 

lo  onf  Cm.  of 

TwiDl. 

TripHH. 

1891 

616 

7 

1 

102 

9.000 

1892 

672 

8 

115 

8,228 

610 

9 

110 

7,466 

1894 

654 

8 

- 

102 

8,367 

Total,  4  years,  . 

2,462 

32 

1 

_ 

_ 

Mean 

- 

107 

8,217 

Toial  cases,  187A-94, 

9,101 

103 

1 

Mean 

- 

- 

IIS 

9,961 

There  has  been  a  notable  increaiie  in  the  number  and  ratio  of  cases 
of  triplet  births  in  the  past  seven  years,  from  1  in  27,446  in  18ti8  to 
1  in  8,367  in  1894. 

Slill-births.  —li\ie  total  number  of  still-births  registered  in  1894 
was  2,353,  the  number  for  the  two  preceding  years  being  2,222  in 
1892  and  2,444  in  1893. 

The  following  are  the  statistics  relative  to  the  sexes  of  the  still- 
born for  1894  and  for  the  period  1853  to  1894,  forty-two  years  :  — 


TotAl  number  of  the  still-born 2,:t53  55,7«8 

Miik-s 1.421  30.941 

Ffmalea 864  20,768 

NotBUted, 75  4.079 

Ratio  of  males  to  1,000  females,  among  those  whose  sex  waa 

known, 1.667  1,490 
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"  Mortality  Statistics  surpnssall  olher  vital  statiatica  in  importance,  iriiether  they 
are  considered  from  a  social,  an  actuarial  or  a  sanitary  standpoint."  —  Newsholug. 

The  number  of  deaths  regiatered  in  1894  wae  46,791 ;  this  was 
less  than  those  of  either  1892  or  1893,  but  greater  than  those  of 
previous  years. 

The  death  rate  per  1,000  of  the  estimated  h'ving  populatioa  was 
19.14,  that  of  the  decade  ending  with  1894  having  been  19.70. 

The  following  are  the  deaths  and  death  rates  for  the  ten-year 
period  1885-94:  — 

Table  U. 


1^... 

DultaBMo. 

T.™ 

^... 

Dulb  Rlltl. 

1885,  . 
18S6.  . 
H«J7.  . 

38,094 
37,244 
40,763 
42.097 
41,777 
43,628 
46,186 

19.6 

18.6 

19.8 
19.9 
19.2 
]9.4 
19.7 

1892, 

1H93. 
1894, 

Total, . 
Mean, . 

4«,763 
49,084 
46,791 

20.8 

20.6 
19.1 

1S91.  . 

433,325 

I9T7O 

Deolhs  by  Sexes.  —  The  number  of  deaths  of  males  recorded  in 
1894  was  23,788  and  that  of  females  was  23,003.  Estimating  the 
distribution  of  the  sexes  upon  the  same  basis  as  in  1890,  the  death 
rates  of  the  sexes  were  20.02  per  1,000  for  males  and  18.29  for 
females. 

Table  15.  —  MoHalUy  of  the  Sexea,  Census  Fears  and  1894, 


Dulbl 

DMth. 

u»ibiut.or 

DathRUtor 

ofUolu. 

OfFtlUtel. 

HalM. 

ttmMa. 

Nurils.'u^?u'? 

1860.         .        .        . 

11,444 

11,647 

19.3 

18.4 

1,048 

18fi.S 

13,085 

)3,<t24 

21.7 

19.6 

1,107 

i«7r 

13.699 

13,598 

19.5 

18.6 

1,048 

W.T 

17,329 

17,619 

21.8 

20.5 

18« 

17,4-J6 

17.8.^2 

20.3 

19.3 

1,052 

18K\ 

18,889 

19.205 

20.2 

19.0 

1,063 

31,761 

20.0 

18.9 

1,058 

1894, 

23,788 

23,003 

20. 0* 

18.3* 

1,094* 
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ITie  diaparity  betweea  the  death  rates  of  the  sexes  in  Massachu- 

s  was  generally  less  than  that  of  England,  which  was  as  1,121 

ths  of  males  to  1,000  deaths  of  females  in  equal  Dumbers  living 

1894,  and  as  1,103  to  1,000  for  the  whole  period  of  registration 

138-94). 

Oealhs  by  Seasons.  —  In  the  following  table  are  presented  the 

:istics  of  deaths  in  Massachusetts  by  months  and  by  sexes.     For 

purpose  of  presenting  the  seasonal  mortality  as  fully  and  as 
irly  as  possible,  the  method  employed  by  Dr.  Bockh  of  Berlin  in 

"  Juhrbuch  "  has  been  followed.  The  exceedingly  accurate  and 
eful  statidtical  methods  adopted  in  Berlin  give  to  the  mortality 
tistics  of  that  city  a  value  which  cannot  be  attained  here  under 
sent  American  modes  of  collection  of  statistics.     The  figures  in 

following  table  may  he  taken  as  approximately  correct,  any 
ors  that  may  exist  being  probably  limited  to  the  decimals  only  in 
umns  4,  5  and  6. 


Table  16.- 

-MminlUy  by  Months,  MassachuseOs 

(,1894). 

«o^ 

1 

r.JL. 

■ 

ToUb. 

4 
pfrlJlOO. 

sSB 

• 

iMlllMIMr 

2.333 

2,198 

4.531 

21.9 

114.0 

146.1 

iruary, 

128.1 

rub,  . 

1.9113 

1.919 

3.852 

18.7 

97.0 

124.3 

■il,    . 

1.936 

1.768 

3.703 

18.4 

96.3 

123.4 

1,831 

1.745 

3.576 

17.2 

90. 0 

116.4 

1,681 

1,631 

3.315 

16.6 

86.2 

110.6 

y.   • 

Z,4M 

2,338 

4,788 

2i.9 

120.6 

164.6 

rust. 

2,2.i4 

2.317 

4.571 

21.9 

115.1 

147.5 

iteniber,. 

2,136 

2,Uii8 

4,144 

20.5 

107.7 

138. 1 

ober. 

1.872 

1,831 

3.7(13 

17.6 

93.2 

119.6 

feniber. 

1,729 

1.65U 

3.379 

16.6 

87.8 

113.6 

:ember. 

1.868 

1,775 

3.643 

17.3 

91.6 

117.6 

23,788 

23,003 

46,791 

19.1 

100.0 

128.2 

[n  the  foregoing  table,  in  the  figures  presented  in  columns  4  and  5 
I  inaccuracies  due  to  the  unequal  length  of  the  months  have  been 
[uinated  by  comparing  the  daily  number  of  deaths  in  each  month 
th  the  mean  daily  number  for  the  year.  In  estimating  the 
irtality  rates  given  in  column  4,  a  quarterly  estimate  has  been 
>pted,  based  upon  the  rate  of  growth  from  1890  to  1895,  after 
I  manner  adopted  by  the  registrar  general  of  England  in  faia 
ekiy  reports.     By  this  table  it  appears  that  the  months  in  which 
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the  greatest  daily  number  of  deaths  occurred  were  July.  August 

aod  January,  and  those  which  had  the  least  were  June,  November 

and  Muy. 
The  percentages  of  deaths  in  each  quarter  of  the  year  were  as 

follows :  — 

In  Ihe  first  quarter, 85.6 

In  the  second  quarter, 22.7 

In  the  third  qaurter, 2S.8 

In  the  fourth  quarter, 22.9 

100.0 
Deaths  by  Oounliea.  — The  Dumber  of  deaths  id  each  county  dur- 
ing the  four  years  1891,   1892,   1893  and  1894,  together  with  the 
death  rates  for  1890,  were  as  follows,  still-births  being  in  every 
JDStance  excluded  in  this  table :  — 


Table  17.— Deaths  by 

Couruiei,  1891, 1892. 1893  and  1894,  and  Death  Baits, 

1890. 

IHI. 

.«.. 

.«.. 

.«4. 

Dt-lh  R>M. 

TuE  State,. 

46,180 

48,762 

49.084 

46,791 

19.4 

BarDStflble.  . 

615 

640 

692 

659 

19.4 

Berkshire,     . 

1.486 

1,560 

1.606 

1,391 

18.2 

Bristol, . 

4.109 

4,367 

4.608 

4,416 

20.3 

Ihikee.  . 

109 

99 

116 

108 

25.4 

E.WX.   . 

5,916 

6,272 

6.064 

6,684 

2U.0 

699 

766 

664 

608 

15.8 

Hampden,     . 

2,644 

3,181 

S.999 

2,616 

19.6 

Uani])»hire,  , 

969 

1.051 

1,1137 

910 

18.6 

Mid.llesex,    . 

8,506 

9,088 

9,420 

8,862 

18.4 

Kantucket,    . 

bO 

120 

88 

!»7 

24.5 

Korfolk. 

1,946 

2.(*7 

2.294 

2,176 

16.5 

PI\  mouth,     . 

1.580 

1.759 

1,761 

1.677 

16.9 

Suflolk, 

11.357 

12.013 

12,280 

12.38.5 

22.8 

Worc»»ter,    , 

5.220 

6.809 

6,677 

6,402 

17.8 

The  deaths  in  each  county  were  less  than  those  of  1893,  with  the 
exception  of  Nantucket  and  SuQ'ulk,  in  each  of  which  there  was  an 
iDcrease. 

Causes  of  Death. 

The  following  table  is  reproduced  Id  this  report  for  the  sake  of 
uniformity  and  comparison  with  fiimilar  tables  of  earlier  years.  Its 
sigoiGcance,  however,  becomes  of  less  importance  in  proportion  to 
the  progress  made  in  medical  science  and  the  classification  of  the 
causes  of  death. 
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4BLE  18.—  Cauiesof  Death,  by  Cla»!tes,  in  Cenmi  Tears  and  in  1891, 1892, 
1893  and  1894.    Salioper  10,000  of  the  fopulatian. 


IXM. 

>■ 

ConitllD- 
llonlt 

cl^i- 

D,:;*. 

1>L.W.». 

UlKlHI. 

DliHiei- 

Vh>kn«. 

IW 

6i.87 

61.63 

60.79 

26.48 

7.34 

i70, 

47.45 

49.30 

51.85 

21.87 

7.79 

175, 

68.96 

49.40 

66.44 

23.16 

8.61 

«0 

47.41 

45.89 

73.73 

19.52 

7.19 

i&i 

36.74 

45.94 

82.76 

20.65 

7.48 

m, 

36.09 

41. U 

87.13 

19.63 

8.10 

191 

36.10 

39.47 

91.75 

20.18 

8.10 

02 

39.55 

3^.84 

97.74 

20.39 

8.89 

m 

86.63 

39.21 

98.10 

19.78 

9.35 

■94 

35.93 

37.94 

88.47 

18.39 

8.61 

m-9i  (Mean,  five  years,  I890-9i) 

36.63 

39.50 

92.68 

19.66 

8.61 

•  SUll-blittiB  excluded. 

By  thU  hible  it  appears  that  very  marked  changes  have  taken 
ace  in  the  groups  marked  1.,  II.  and  III.,  the  first  two  having 
jtably  decreiised,  while  the  third  has  quite  as  notably  increased. 

The  following  table  presents  the  mortality  from  the  ten  most 
-ominent  causes  of  death  in  Massachusetts  for  the  ten  years  1885 
<  1894,  in  the  order  of  their  prominence  :  — 


Table  \9.  ~  Morlalitif  fro 

m  Ten  Prominent  Causes.  — 

1885-1894. 

CAUSES  OF   DtATH. 

Df.i(... 

i 

S 

1 

i 

i 

i 

i 

i 

i 

i 

innumption. 

5,463 

I 

1 

1 

1 

1 

•ain  dU^iises,*     , 

6,113 

4.101 

2 

.1 

3 

.1 

3 

3,621 

4 

4 

4 

4 

4 

inlcra  inrnntiim. 

2,676 

5 

6 

6 

5 

5 

phlheriaand  troup,  . 

1.801 

10 

9 

10 

5 

6 

7 

dney  diseases,    . 

1.788 

H 

S 

« 

9 

9 

10 

8 

<1:lt.'0.            .          .          . 

1,669 

8 

6 

fi 

ft 

7 

7 

6 

6 

ft 

'oncbitis,     . 

1,672 

9 

7 

7 

7 

10 

10 

8 

8 

10 

'"*-'*•' 

1,568 

10 

9 

10 

9 

8 

8 

lU 

9 

9 

lU 

inil7,  iaflammatorr  diseases  of 
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From  thia  table  it  appears  that  consumption  has  maintained  its 
position  at  the  head  of  the  list  for  the  whole  decade,  although  very 
closely  approached  by  pneumonia  in  18!i3.  Brain  diseases  held  the 
second  place  from  1835  to  1892,  but,  for  the  year  18y3,  was  dis- 
placed by  pneumonia.  Diphtheria  and  croup  attained  the  seventh 
place  for  the  first  four  years,  und  then  rose  to  the  Gflh,  but  fell  to 
llie  last  pluce  in  1891  and  1893,  rising  again  to  the  sixth  place  in 
1894.  Heart  diseases  and  cholera  infantum  maintained,  respectively, 
the  fourth  and  fifth  places  fur  nearly  the  whole  period. 

Slalislics  of  Certain  Causes  and  Groups  of  Causes  of  Death,  Massa- 
chusetts, 1894. 
In  Table  20  are  presented  the  principal  statistics  relative  to  the 
following  causes  of  death  :  — 

Small-pox.  Pneunion!&. 

Measles,  Whooping-cough. 

Scarlet  fever.  Csncer. 

Diphtheria  oaA  croup.  Kidney  dlseasea.     . 

Typhoid  fever.  Heart  diseases. 

Cholera  infantnin.  Brain  diseases. 
CoDsumplioD. 

The  data  presented  are  the  following :  —  \ 

Suniber  of  deaths  fnirn  e-ich  of  the  foregoing  causes  in  each  year  for  I 

twenty  years  (1875-94) .1 

Death  rate  from  each  of  the  same  causes  per  10,000  of  the  liring  popu-  ^  Table  20 

lation  for  each  year | 

PpTcsntage  of  the  total  mortality  for  each  ypar, ! 

The  totals  and  meaua  for  the  twentj-year  period, } 
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'.Itslica  of  Certain  Causea  and  Groups  of  Causes  of  Death  for 

Twenty  Years  in  Massachusetts  {1875-94). 
Table  20  presents  the  statistics  of  certain  destructive  infectious 
1  other  diseases  for  a  period  of  twenty  years  (1875—94),  era- 
cing  the  number  of  deaths,  the  death  rate  per  10,000  of  the 
ng  population  and  the  percentage  of  the  total  mortality  for  each 
ir. 

Small-fox. — The  total  number  of  deaths  from  this  cause  in  1804 
i  33,  a  number  greater  than  that  of  any  year  since  1882.  It 
resented  a  death  rate  from  this  cause  of  .13  per  10,000  living 
I  a  percentage  of  .07  of  the  mortality  from  all  causes. 
Measles. — The  deaths  fi-ora  measles  was  98,  or  178  less  than  those 
the  previous  year  and  also  less  than  those  of  any  previous  year 
ce  1884,  except  1892,  when  it  was  88.  The  ratio  of  the  living 
lulation  was  .4  and  the  percentage  of  the  total  mortality  .21. 
Scarlet  Fever. — The  deaths  from  scarlet  fever  were  649,  which  was 
\  than  those  of  either  1892  or  1893,  but  greater  than  those  of  any 
er  previous  years  since  1876,  The  death  rate  from  this  cause  was 
i  per  10.000  of  the  living  population  and  the  percentage  of  the  total 
rtality  was  1.39. 

Diphtheria  and  Croup. — The  deaths  from  diphtheria  and  croup 
re  1,801,  which  was  considerably  greater  than  that  of  either  of 
four  years  1890-93.  The  death  rate  per  10,000  living  was  7.4 
1  the  percentage  of  the  total  mortality  was  3.85,  both  of  which 
re  less  than  the  mean  ratios  for  the  twenty-year  period  (1875-94.) 
Typhoid  Fever. — The  deaths  from  typhoid  fever  were  748,  or  less 
a  those  of  any  previous  year  since  1879,  The  ratio  of  the  living 
[>ulatioa  was  3.1  per  10.000  and  the  percentage  of  the  total  deaths 
s  1.6.  Each  of  these  ratios  was  less  than  the  mean  ofthe  twenty- 
»r  period. 

Cholera  Infantum. — The  number  of  deaths  from  this  cause  was 
i76.  The  death  rate  per  10,000  of  the  living  population  was  10  9 
i  the  percentage  ofthe  total  mortality  5.7.  Each  of  these  ratios 
ing  nearly  identical  with  the  mean  for  the  twenty-year  period. 
Consumption. — The  number  of  deaths  from  consumption  was 
t63,  or  less  than  that  of  any  year  of  the  twenty-year  period 
ice  1879.  The  death  rate  per  10,000  ofthe  living  population  and 
J  percentage  of  the  total  deaths  were  each  considerably  less  than 
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tbe  meaa  of  the  twenty-year  period,  and  ench  of  tlieso  rutio3  has 
gradually  diminished  during  tbe  period.  (For  fuller  iDformatioa 
relative  to  the  mortality  from  this  cause  see  last  annual  report.) 

Pneumonia. — The  deaths  from  this  cause  were  4,101.  Tbe  ratio 
per  10,000  living  was  16.7  and  tbe  percentage  of  tbe  total  deaths 
8.76,  these  ratios  differing  but  little  from  the  mean  ratios  of  tbe 
twenty-year  period. 

Whooping-cough, — The  deaths  from  whooping-cough  in  1894 
were  435.  In  absolute  numbers,  this  mortality  was  greater  than  that 
of  any  year  of  the  twenty-year  period,  but  relatively  it  was  exceeded 
by  the  mortality  from  this  cause  in  1877,  1878  and  1884.  The 
death  rate  per  10,000  living  was  1.8  and  tbe  percentage  of  the  total 
mortality  was  .93,  the  means  of  the  twenty-year  period  being  1.8 
■nd  .93. 

Qancer. — The  deaths  from  cancer  were  1,568,  which  number  was 
greater  than  that  of  any  previous  year  of  the  twenty-year  period. 
The  death  rate  per  10,000  of  the  population  waa  6.4  as  compared 
with  a  mean  of  5.5  for  the  twenty  years,  and  the  percentage  of  the 
total  mortality  was  3.35,  as  compared  with  a  mean  of  2.79.  The 
increase  in  mortality  from  this  cause  was  not  so  rapid  during  the  last 
ten  years  as  during  the  6rst  half  of  the  period. 

Kidney  Diseases. — The  deaths  from  this  group  of  causes  were 
1,721,  which  was  greater  than  that  of  any  year  in  the  twenty- 
year  period  from  the  same  causes.  Tbe  death  rate  per  10,000  of 
the  living  population  was  7,0,  as  compared  with  a  mean  of  5.2,  and 
the  percentage  of  the  total  mortality  was  8.68,  as  compared  with  a 
mean  of  3.(i8. 

Heart  Diseases. — Tbe  deaths  from  this  group  of  causes  were  3,432, 
which  number  was  less,  absolutely,  than  that  of  either  of  tbe  three 
preceding  years.  The  death  rate  per  10,000  living  waa  14.0,  as 
compared  with  a  mean  of  12.1,  and  was  also  less  than  that  of  either 
of  the  preceding  six  years.  Tbe  percentage  of  the  total  mortality  was 
7.33,  as  compared  with  a  mean  of  6.19, 

Brain  Diseases. — The  deaths  from  this  group  of  causes  in  1894 
(including  those  from  apoplexy,  paralysis,  cephalitis,  insanity,  soften- 
ing of  tbe  brain  and  other  brain  diseases)  were  4,995,  which  was 
less  than  those  of  either  of  the  three  preceding  years.  Tbe  death 
rate  per  10,000  living  from  those  causes  was  20.4,  as  compared  with 
19.0  for  the  twenty-year  period,  and  the  percentage  of  the  total 
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rtality  was  10.7,  as  compared  with  9.7  for  the  twenty-year  i 
-iod.  I 

Eryxipelas.  —  The  deaths  from  thiB  cause  were  157,  as  compared  i 
:h  251  in  1893.  ; 

Puerperal  Fever. — The  deaths  from  puerperal  fever  were  49,  as  ' 
npared  with  46  in  1893.  The  deaths  from  other  incidents  of  child-  i 
th  were  216.  i 

Malarial  Fevers. — The  deaths  registered  as  from  these  causes  ' 
re  73. 

Syphilis.  —  The  deaths  registered  as  from  syphilis  were  64,  of 
icb  37,  or  more  than  half,  occurred  in  Suffolk  County.  I 

There  were  no  deaths  from  hydrophobia,  glanders,  anthrax  or  \ 
■hinosis.  ', 

Medical  Examiner  Itetuma, 
Separate  returns  of  all  deaths  investigated  by  medical  examiners 
I  required  by  law.  These  comprise  deaths  by  homicide,  suicide, 
:idents  and  many  deaths  of  a  sudden  or  suspicious  character  which 
I  referred  to  the  medical  examiners  for  investigation. 
Df  this  class  of  deaths  the  whole  number  investigated  in  1894  was 
59,  of  which  numlier  1,649  were  deaths  of  males,  505  were  deaths 
females  and  the  sex  of  5  was  unknown.  The  ratio  of  deaths  of 
B  class  among  males  and  females  has  shown  but  little  change  in  the 
(t  ten  years. 

The  whole  number  investigated  was  less  than  those  of  either  1892 
1893,  which  were,  respectively,  2,209  and  2,221.  The  mean  an- 
il number  of  deaths  of  this  class  investigated  in  the  five-year  period 
35-89  was  1,503,  while  that  of  the  succeeding  five-year  period 
^90-94)  was  2,040,  indicating  a  relative  increase  from  7.3  deaths 
r  10,000  of  the  living  population  investigated  in  the  first  period  to 
f  deaths  per  10,000  in  the  second  period. 

Homicide.  —  The  deaths  from  homicide  were  68,  as  compared  with 
and  76,  respectively,  in  1892  and  1893.  Comparing  the  two 
9-year  periods  1885-89  and  1890-94  there  was  a  slight  increase, 
m  an  annual  mean  of  .24  per  10,000  of  the  population  in  the 
mer  period  to  .27  per  10,000  in  the  latter. 

Suicide.  — The  deaths  from  suicide  were  270,  while  those  of  1892 
i  1893  were,  respectively,  273  and  290.  Comparing  the  two  fivo- 
tr  periods,  there  was  an  increase  from  .87  per  10,000  of  the  Ut- 
;  population  in  the  former  to  1.04  per  10,000  in  the  latter. 


Water  Supply  and  Sewerage. 


ADVICE  TO  CITIES  AND  TOWNS. 
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rhe  rapid  growth  in  the  number  of  water  supplies  in  the  State  in 
enty  years  is  indicated  by  a  compariBOQ  of  the  statistics  for  1895 
th  similar  ones  for  1875.  At  the  end  of  the  latter  year  15  cities 
t  of  a  total  of  19  and  35  towns  out  of  a  total  of  323  were  provided 
th  public  water  supplies,  and  the  communitiea  supplied  contained 
.3  per  cent,  of  the  total  population  of  the  State. 
The  tendency  in  recent  years  toward  municipal  control  of  water 
pplies  is  indicated  by  a  comparison  of  the  number  and  population 
municipalities  supplied  by  private  companies  at  the  end  of  1895 
th  the  number  similarly  supplied  at  the  end  of  1890.  At  the  end 
1895  all  of  the  cities  and  77  of  the  123  towns  in  the  State  having 
)ublic  water  supply  owned  their  works,  while  46  towns  were  sup- 
ed  by  private  companies.  The  total  population  of  places  supplied 
private  companies  was  212,579,  or  9.5  percent,  of  the  total  popu- 
ion  supplied.  At  the  end  of  1890  five  of  the  28  cities  in  the  State 
ving  public  water  supplies  and  50  of  the  109  towns  were  supplied 
private  companies.  The  total  population  supplied  from  private 
irks  in  1890  was  318,319  or  16  per  cent,  of  the  total  population 
pplied.  There  baa  been  an  increase  of  17  in  the  number  of  works 
ice  1890. 

The  Bow  of  streams,  as  indtcated  by  that  of  the  Sudbury  River,  was 
IS  than  the  normal  in  January,  February,  March,  May,  June,  August 
d  September,  slightly  in  excess  of  the  normal  in  April  and  July, 
d  very  greatly  in  excess  in  the  months  of  October,  November  and 
3cember,  the  average  flow  for  November  being  the  highest  recorded 
that  month  on  the  Sudbury  for  twenty-one  years.  The  result  of 
is  distribution  of  the  Bow  upon  sources  of  water  supply  was  to 
use  many  of  the  large  ponds  having  comparatively  small  water- 
eda  to  fail  to  fill  in  the  spring ;  but,  owing  to  the  early  and  heavy 
infall  in  the  foil,  the  drought  was  not  felt  so  seriously  as  has 
en  the  case  in  other  years.  The  very  low  flow  of  streams  in 
ptember  and  the  early  portion  of  October  was  severely  felt  by 
Dse  communities  supplied  from  small  reservoirs  having  compara- 
'ely  large  water-sheds,  which  depend  largely  upon  the  daily  flow 
the  streams  to  prevent  a  shortage  of  water. 

The  chemical  analyses  of  the  water  supplies  and  rivers  of  the  State 
ve  been  continued  during  the  year,  2,250  samples  having  been 
amlned.  The  following  is  a  classified  list  of  the  waters  examined 
iring  the  year :  — 
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TiBLE   I. 

From  open  and  covered  reseiroirs  for  the  storage  of  gronud  wateis,  46 

From  groond-water  euppliea, S93 

Special  investigationa  of  regular  water  supplies  affected  by  tastes, 

odors,  etc 19 

From  poods  and  storage  reservoirs  and  thur  inlets,     ....  815 

From  streams  and  miscellaneous  sources, 100 

Total  IVom  regular  water  supplies 1,373 

In  connection  with  investigations  of  new  sources  of  water  supply,      .  S95 

With  reference  to  pollution  of  streams, 287 

With  reference  to  sewage  purification  at  Worcester,  Framingham, 

Marlborough,  Rardner,  Medfield,  etc 246 

In  connection  with  the  study  of  epidemics, 7 

UiscellaneouB, 42 


TotaJ,        .        .        ; 2,250 

The  examiDatioD  of  the  microecopic  oi^anisms  has  also  been  con- 
tinaed  in  the  waters  which  have  been  examined  chemically,  and  thoae 
which  are  found  in  large  numbers  in  any  water  at  tihiea  when  there 
is  complaint  of  its  taste  or  odor  have  been  studied  with  special  atten- 
tion, with  a  view  to  learning  the  conditions  necessary  to  their  ex- 
istence and  development. 

With  the  rapid  extension  of  water-supply  systems  throughout  the 
State  and  the  constant  increase  Id  the  use  of  water  has  come  not  only 
a  recognition  of  the  necessity  that  the  supply  shall  be  ample  in  quan- 
tity' at  all  times,  and  free  from  danger  of  contamination  by  animal 
refuse  or  other  poisonous  matter,  but  also  an  appreciation  of  the  im- 
portance of  excellence  in  other  respects ;  and  the  possession  by  a 
community  of  a  water  that  is  at  all  times  soft,  free  from  taste  or  odor 
sod  of  attractive  appearance,  has  a  certain  commercial  value  as  well, 
compared  with  less  attractive  supplies. 

Of  the  supplies  in  the  State  drawn  from  natural  ponds,  some  have 
from  time  to  time  been  affected  by  the  presence  of  microscopic  organ- 
isms in  such  nmnbers  as  to  cause  the  waters  to  become  offensive  to 
taste  and  smell  to  such  a  degree  in  some  instances  as  to  lead  to  the 
consideration  of  measures  for  obtaining  a  satis&ctory  supply  frt>m 
another  source,  at  least  during  times  when  the  water  of  the  present 
source  is  unfit  for  use.  The  periodic  occurrence  of  such  conditions 
in  ponds,  which  at  other  times  may  tiimish  a  water  of  satisfactory 
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Ality,  indicates  the  necessity  of  thorough  investigation  of  a  source 
fore  the  construction  of  works  for  supplying  a  community  with  its 
iter  19  undertaken. 

Investigations  as  to  the  quality  of  wat«r  of  artificial  storage  reser- 
lirs,  both  of  those  which  have  been  thoroughly  prepared  for  the 
irpose  by  the  removal  of  all  soil  and  vegetable  matter  from  the  area 
iwed,  and  of  those  where  the  preparation  has  been  insufficient  or 
lere  no  preparation  at  all  beyond  a  simple  clearing  of  the  area  has 
en  made,  have  shown  that,  while  water  often  deteriorates  greatly 
quality  when  stored  in  reservoirs  of  the  latter  class,  on  the  other 
nd,  the  quality  of  the  water  is  not  only  unlikely  to  deteriorate, 
it  is  likely  to  improve  by  storage  in  reservoirs  thoroughly  pre- 
,red  for  the  purpose,  the  degree  of  improvement  depending  chiefly 
1  the  character  of  the  water  as  it  enters  the  reservoir  and  the  length 
time  that  it  is  allowed  to  remain  there. 

The  occurrence  of  excessive  amounts  of  iron  in  gronnd  waters  has 
;quently  been  referred  to  in  previous  reports,  Infoimation  obtained 
>m  systematic  examinations  of  existing  sources  and  from  investiga- 
)nB  of  proposed  new  supplies  has  shown  that  the  quality  of  the 
iter  taken  from  single  test  wells,  from  which  comparatively  little 
iter  has  previously  been  drawn,  frequently  does  not  furnish  a  reli- 
ile  indication  aa  to  the  probable  quality  of  the  ground  water  of  a 
cality  after  the  comparatively  large  quantity  used  by  a  town  or 
llage  has  been  drawn  from  the  ground  in  the  vicinity  for  a  con- 
lerable  length  of  time,  A  satisfactory  knowledge  on  these  points 
n  often  be  obtained  only  from  long-continued  pumping  from  such 
urces  under  circumstances  which  would  most  readily  allow  of  the 
velopment  of  unfavorable  conditions  affecting  the  quality  of  the 
iter.  Such  pumping  tests,  when  accompanied  with  careful  obser- 
tions,  are  usually  valuable  in  the  indications  that  they  may  furnish 
the  probable  capacity  of  a  ground-water  source. 
As  a  result  of  its  investigations,  the  Board  has  frequently  called 
tention  to  the  danger  in  the  use  for  domestic  purposes  of  water 
ken  directly  from  running  streams  exposed  to  pollution  by  inhab- 
ints  upon  their  water-sheds ;  and  a  marked  decrease  in  the  use  of 
ch  sources  has  been  noted,  several  communities  going  to  the  ex- 
use  of  entirely  new  sources  of  supply,  to  avoid  the  use  of  water 
)m  polluted  streams. 

Observations  of  the  operation  of  the  Lawrence  city  filter  have  been 
Dtinued  through  the  year,  and  a  summary  of  the  results  of  chemical 
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and  ttacterial  analyses  of  samples  of  water  before  and  after  filtration 
is  given  in  subsequent  pages.  The  following  table,  which  is  the 
result  of  a  careful  inveatigatioa,  showa  tlie  total  number  of  deaths 
from  typhoid  fever  in  Lawrence  and  the  deaths  from  this  cause  per 
10,000  inhabitants  for  the  year  1895  and  the  ten  previous  years :  — 


Table  II. 
Deaths  from  Typhoid  Jfeuer  in  Lawrence,  1883-95. 
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Certain  facts  are  to  be  noted  in  connection  with  the  figures  pre- 
sented in  the  table.  Investigations  by  the  Board  of  the  causes  of  the 
excessive  death  rates  from  typhoid  fever  in  Lawrence  in  the  years 
1889  and  1890  pointed  bo  strongly  to  the  water  supply  as  one  of  the 
important  causes  that  the  Board  at  the  beginning  of  1891  warned  the 
citizens  against  its  use  for  drinking  except  after  thorough  boiling. 
Supplies  of  water  pumped  directly  from  the  canals  are  ased  for 
certain  purposes  in  the  mills ;  this  water  is  in  many  places  easily 
accessible  for  drinking  and  is  so  used,  notwithstanding  that  city 
water  is  also  provided.  The  filter  was  first  operated  in  September, 
1893,  and  all  of  the  water  supplied  to  the  city  has  been  filtered  since 
that  time. 

In  connection  with  investigations  as  to  the  purification  of  sewage, 
a  large  number  of  samples  of  sewage  and  effluent  from  existing 
sewage  disposal  works  has  been  examined.     The  results  of  these 
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avestigatioiiB  are  of  much  value,  when  taken  in  connection  with  the 
oformation  obtained  at  the  Board'a  experiment  station,  in  advising 
ities  and  towns  with  reference  to  the  disposal  of  sewage. 

The  growth  of  manufacturing  industries  and  the  increase  in  the 
lopulation  of  manufacturing  towns  and  villages  have  tended  to 
Qcrease  the  pollution  of  sti-eams,  while  the  reduced  flow  of  the 
treams  in  the  past  two  dry  seasons  has  assisted  in  making  the 
ffect  of  the  pollution  more  noticeable.  The  condition  of  those 
treams  most  liable  to  serious  pollution  is  examined  from  time  to 
ime  by  means  of  chemical  analyses,  and  in  some  cases  steps  are  being 
B^en  by  local  authorities  for  the  removal  of  causes  of  pollution. 

The  subject  of  the  treatment  of  manufacturing  sewage  has  received 
Quch  attention  during  the  year,  and  experiments  have  been  begun 
rtth  reference  to  purifying  refuse  from  tanneries,  wool-washing  and 
ther  establishments,  drainage  from  which  is  a  prime  factor  in  the 
Hsilution  of  many  streams  and  watercourses.  'While  the  experi- 
nents  have  not  yet  been  carried  far  enough  to  warrant  any  extended 
tatement  as  to  the  results  obtained,  it  may  be  said  that  sufficient 
iformation  has  been  furnished  by  the  investigations  thus  far  made 
0  make  it  evident  that  manufacturing  sewage  may  be  purified  suffi- 
iently  to  prevent  its  polluting  a  stream,  at  a  sufficiently  moderate 
est  to  obviate  the  danger  of  crippling  the  manufacturing  industries. 


ADVICE  TO  CiriES  AND  TOWNS. 

Under  the  provisions  of  chapter  375  of  the  Acts  of  1888,  entitled 
'  An  Act  to  protect  the  purity  of  inland  waters,  and  to  require  con- 
ultation  with  the  State  Board  of  Health  regarding  the  establishment 
f  systems  of  water  supply,  drainage  and  sewerage,"  the  Board  is 
equired  ' '  from  time  to  time  to  consult  with  and  advise  the  authorities 
f  cities  and  towns,  or  tcith  corporations,  firms  or  individuals  either 
Iready  having  or  intending  to  introduce  systems  of  water  supply, 
rainage  or  sewerage,  as  to  the  most  appropriate  source  of  supply,  the 
est  practicable  method  of  assuring  the  purity  thereof  or  of  disposing 
f  their  drainage  or  sewage,  having  regard  to  the  present  and  prospeo- 
ve  needs  and  interests  of  other  cities,  towns,  corporations,  firms  or 
idividuals  which  tnay  be  affected  thereby.  It  shall  also  from  time 
i  time  consult  with  and  advise  persons  or  corporations  engaged  or 
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iiiteD<iiiig  to  engage  in  any  manufacturing  or  other  buaineBB,  drain- 
age or  sewage  from  which  may  tend  to  cause  the  pollution  of  any 
inland  wat«r,  as  to  the  best  practicable  method  of  preventing  such 
pollution  by  the  interception,  disposal  or  purification  of  such  drain- 
age or  sewage  :  provided,  that  no  person  shall  be  compelled  to  bear 
the  expense  of  such  consultation  or  advice,  or  of  experiments  made 
for  the  purposes  of  this  act.  All  such  autkoriiies,  corporations, 
firms  and  individuals  are  hereby  required  to  give  notice  to  said  Board 
of  their  inlentionit  in  the  premises,  and  to  submit  for  Us  advice  outlines 
of  their  proposed  plana  or  schemes  in  relation  to  toater  supply  and 
disposal  of  drainage  and  sewage;  and  aU  petitions  to  the  Legislature 
for  authority  to  introduce  a  system  of  water  supply^  drainage  or  seuj- 
erage  shall  be  accompanied  by  a  copy  of  the  recommendation  and  advice 
oftfte  said  Board  thereon" 

During  the  year  1895  the  Board  haa  given  ita  advice  to  the  follow- 
ing cities,  towns,  corporations  and  individuals  who  have  applied  for 
such  advice  under  the  provisions  of  the  general  act  of  1888,  or 
under  special  acta  i-elating  to  water  supply  and  sewerage. 

Replies  were  made  during  the  year  to  applications  made  from  the 
following  sources  for  advice  relative  to  water  supply :  Adams  (two 
replies),  Amesbury  (the  Powow  Hill  Water  Company),  Billerica, 
Bradford,  Brookfield,  Cohasset,  Dighton  and  Somerset  (two  replies), 
the  Edgartown  Water  Company,  Gloucester,  Greenfield,  Groton, 
Hatfield,  Haverhill,  Holden,  Holyoke,  Kingston,  Leicester,  Leomin- 
ster, Lowell,  Montague  (Miller's  Falls) ,  Montague  (Village),  Pajrton, 
Pepperell,  Pittefield,  Reading,  Rutland,  Sheffield,  Shirley,  Stoughton, 
Walpole,  Wenham,  Westfield,  Weston,  Williamstown,  Winchendon, 
Wrentham  (Plainville)  and  Worcester. 

Replies  relating  to  sewerage  and  sewage  disposal  were  made,  in 
answer  to  applications  from  the  following  sources :  Ameabury, 
Andover,  Brockton,  Fairbaven,  Framingham,  Springfield,  Tewks- 
burj',  the  State  Farm  at  Bridgewater,  and  Webster. 

Replies  were  also  made  during  the  year  relative  to  the  subject  of 
pollution  of  streams,  to  certain  autborities  and  other  parties  in  the 
following  towns :  to  the  board  of  health  of  Danvers,  relative  to  the 
pollution  of  Crane's  River ;  to  the  selectmen  of  Millbury,  in  reply 
to  a  communication  relative  to  the  pollution  of  the  Blackstone 
River  by  the  city  of  Woi-cester ;  to  the  selectmen  of  Shrewsbury, 
relative  to  the  pollution  of  Lake  Quinsigamond  by  the  sewage 
of  the  State  Lunatic  Hospital  at  Worcester ;  and  to  the  selectmen 
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thborough,  in  reply  to  a  letter  relative  to  the  pollution  of  Lake 
3y  by  the  sewage  of  the  State  Lunatic  Hospital  at  Westborough, 

Water  Supplt. 
following  is  the  substance  of  the  action  of  the  Board  during 
■ft  year,  in  leply  to  applications  for  advice  relating  to  water 


MS,  The  committee  on  water  supply  of  the  Adams  Fire  District 
I  to  the  Board  Feb.  21,  1895,  for  its  advice  relative  to  taking 
nd-water  supply  from  the  valley  of  the  Hooaac  River,  and  as 
best  method  of  supplementing  its  water  supply.  The  Board 
I  to  this  application  as  follows :  — 

BotTOH,  Ma7  2,  1896. 
portion  of  the  valley  indicated  by  you  as  a  possible  ground-water 
is  in  the  vicinity  of  the  Hoosac  River,  south  of  Cheshire  Harbor, 
cality  has  been  examined  by  oue  of  the  engineers  of  the  Board,  but, 
este  have  beeu  made  by  dnving  wells  or  otherwise  to  show  the  char- 
[  the  material  beneath  the  surface  and  to  obtain  a  sample  of  water 
lysis,  it  is  impracticable  to  advise  definitely  at  the  present  time  aa 
irobable  quality  and  quantity  of  water  to  be  obtained  at  this  place, 
mple  of  water  collected  April  17,  1895,  from  a  flowing  tubular  well 
ralley  of  the  river  at  Zylouite,  was  analyzed,  and  fouud  to  be  so  bard 
would  not  be  of  satisfactory  quality  for  niany  of  the  purposes  for 
I  public  water  supply  is  used  ;  and  the  same  statement  may  be  made 
gard  to  the  water  supplied  from  the  wells  of  the  North  Adams  water 

cw  of  these  results,  there  is  much  doubt  as  to  whether  a  water  sup- 
tained  from  the  ground  as  proposed  would  be  of  satisfactory  quality  ; 
9  poiut  can  be  definitely  settled  only  by  determining  the  hardness 
ler  characteristics  of  a  sample  of  water  taken  from  the  ground  at  the 
ill  location. 
e,  as  already  stated,  it  is  impracticable  to  advise  definitely  at  this 

to  the  probable  quantity  of  water,  it  may  be  said  that  Ihe  surface 
ions  point  to  a  limited  rather  than  to  an  ample  supply. 
ew  of  the  insufficiency  of  the  present  sources  of  supply  duiing  the 
rtion  of  the  past  year,  and  the  uncertainty  as  to  the  best  method  of 
Dg  a  supplementary  supply,  the  Board  advises  you  to  have  the  whole 
n  of  the  water  supply  of  the  town  more  thoroughly  investigated,  with 

of  an  engineer  skilled  in  such  work. 

Idition  to  the  investigation  with  regard  to  obtaining  a  supplemental^ 
-water  supply,  it  is  desu^ble  to  ascertain  the  quality  and  quantity  of 
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water  flowing  during  the  dry  portion  of  tl 
bat  which  may  be  available  for  supply i 
whether  it  is  not  feasible  to  build  a  reserv 
tain  the  supply  during  the  portions  of  the 
streams  is  insnfScient.  It  would  also  be 
nsed  by  the  town  measured,  with  a  view 
flamption  of  water  is  excessive ;  and,  if  th 
it  might  be  feasible  to  materially  reduce 
leaki^  and  waste,  and  in  this  way  mak 
respond  more  nearly  with  the  capacity  of 
This  Board  will  aid  yon  in  making  suet 
pies  of  water,  and  by  furnishing  to  your 
its  possession  bearing  npon  the  question ; 
yon  have  further  information  to  present, 
appropriate  metiiod  of  increasing  your  su 

On  Aug.  1,  1895,  the  water  commi 
for  its  advice,  relative  to  taking  an  add 
ground  in  the  Hoosac  valley  above  < 
village  of  Cheshire.  The  Board  repi 
lows :  — 

The  Stat«  Board  of  Health  received  fn 
cation  asking  for  the  advice  and  approval 
ing  an  additional  water  supply  for  the  Ai 
in  the  valley  of  the  Hoosac  River  above  ( 
lage  of  Cheshire  by  means  of  tubular  wt 
the  main  pipe  leading  from  Bassett  Br 
sources  of  supply  to  the  town. 

Accompanying  the  application  is  a  re; 
the  results  of  investigations  made  by  hin 
of  the  town,  and  the  Board  has  also  cans 
sources  to  be  made  by  one  of  its  enginee 
gations,  it  is  found  that  the  flow  of  the  b 
ply  of  the  town  and  of  two  other  brooks  i 
7,  when  there  had  been  no  rain  for  sever: 

Bassett  Brook, 

Dry  Brook 

Tophet  Brook, 

SonUi  Brook 

Samples  of  water  collected  September 
supply  and  from  other  sources  examined 
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on  between  tLe  results  of  these  analyses  and  of  the  analyses  of  sam- 
:oUected  from  these  same  sources  in  the  earlier  portion  of  the  year 
be  made  from  the  following  table  :  — 


.0™ 

SepMiBbM7. 

E«fiH  Ponioo  or 
tha  Yur. 

et  Brook 
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tt  Brook 

3.3 

1.1 

MO. 3* 

vcell  above  Cheshire  Harbor,  .... 

11.0 

i  10.6- 
14.8- 

-ew  well 

12.6 

12.3 

■  Three  te*t  wella. 


le  results  of  the  analyses  show  that  the  hardness  of  the  water  of  Tophet 
Dry  bivxiks  was  several  times  as  great  in  September  as  in  the  earlier 
on  of  the  year,  while  the  increase  in  the  hardness  of  the  water  of  South 
k  was  comparatively  small.  From  the  results  of  the  examinations  it 
ars  that  a  supply  of  water  somewhat  greater  than  the  amount  yielded 
assett  Brook  and  of  equally  good  quality  with  respect  to  hardness, 
d  be  furnished  by  South  Brook.  The  quality  of  this  water  is  also 
factory  in  other  respects. 

appears  from  the  report  of  your  engineer  that  a  storage  reservoir  hav- 
,  capacity  of  about  43,000,000  gallons  can  be  constructed  upon  this 
li  and  that  the  water  of  this  reservoir  could  be  supplied  to  the  town  by 
ity  by  laying  a  pipe  to  connect  with  the  pipe  leading  from  your  present 
ett  Brook  resen-oir.  The  estimates  of  cost  indicate  that  the  first  cost 
supply  from  this  sourac  would  be  about  two  and  one-half  times  as  great 
at  from  tabular  wells  in  the  valley  of  the  Hoosnc  River  above  Cheshire 
lor;  but  the  annual  cost  of  maintenance,  including  interest,  would  not 
■oiKjrtionally  greater,  because  the  water  of  South  Brook  would  be  de- 
ed to  the  town  by  gravity,  and  tlie  cost  of  pumping  would  be  avoided. 
-  taking  a  supply  from  South  Brook  the  town  would  obtain  a  soft  water 
KCollcot  quality  for  the  purposes  of  a  public  water  supply.  The  water 
le  test  wells,  on  the  other  hand,  though  of  excellent  appearance  and 
ticnily  free  from  organic  matter,  is  so  hard,  owing  to  the  presence  of 
in  solution,  that  it  would  be  undesirable  for  drinking  and  objectionable 
nany  other  purposes  of  a  domestic  water  supply. 
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The  Board  regards  it  of  importance  to  the  health  of  the  town  to  avuid 
the  very  hard  waters,  and  obtain  as  soft  water  as  practicable.  The  water 
of  South  Brook  is  the  most  satisfactory  in  this  respect,  and  the  Board  is 
informed  that  by  the  constniction  of  a  reservoir  in  the  upper  part  of  Dry 
Brook  a  softer  water  may  be  obtained  in  a  dry  time  than  is  now  obtained 
from  this  brook. 

By  the  provisions  of  the  act  passed  last  spring,  no  anthority  is  given 
the  town  of  Adams  to  take  any  source  in  Cheshire  south  of  the  southerly 
boundary  of  the  former  town  of  New  Providence,  which  exclucies  South 
Brook.  In  view,  however,  of  the  excellent  quality  of  water  obtainable 
from  this  source,  the  Board  would  advise  that  you  take  measures  to  secnre 
the  right  to  take  the  water  of  this  brook,  subject  to  the  right  of  the  town 
of  Cheshire  to  such  an  amount  of  water  from  this  source  as  may  be  needed 
for  the  supply  of  the  town  in  addition  to  the  waters  of  Thunder  and  Kitchen 
brooks  when  tliey  shall  have  been  fully  developed. 

The  population  of  Cheshire  has  steadily  decreased  for  the  past  fifteen 
years,  and,  moreover,  the  sources  in  the  region  from  which  its  present  sup- 
ply is  taken  have  not  been  fully  developed,  so  that  there  is  no  present  indi* 
cation  that  any  water  need  be  drawn  from  South  Brook  for  the  supply  of 
Cheshire. 

The  yield  of  South  Brook,  with  a  stori^e  reservoir  having  a  storage 
capacity  of  43,000,000  gallons,  would,  in  connection  with  your  present 
sources,  amount  t«  about  1,100,000  gallons  per  day  in  the  drier  months 
of  a  very  dry  season. 

Measurcmeuta  made  by  your  engineer  in  the  early  part  of  July  indicate 
that  at  that  time  the  consumption  of  water  in  the  town  amounted  to  1,150,- 
000  gallons  per  day,  equivalent  to  147  gallons  per  person  per  day.  This 
is  an  excessive  consumption  and  is  greater  than  that  of  any  other  city 
or  town  in  the  ytate  where  records  of  the  consumption  of  water  are  kept- 
There  appears  to  be  uo  good  reason  why  the  consumption  should  be  larger 
than  that  of  other  towns  where  the  conditions  are  similar,  and  by  reducing 
it  to  a  reasonable  amount  the  capacity  of  your  piesent  works,  with  the  addi- 
tion of  a  storage  reservoir  on  South  Brook,  will  be  sufficient  for  the  town 
□ntil  a  lat^e  inoi'ease  over  the  present  population  takes  place. 

Ahesbubt.  The  Powow  Hill  Water  Company  applied  to  the 
State  Board  of  Health  March  18,  1895,  for  its  advice  relative  to 
taking  an  additional  supply  of  water  from  the  ground  near  Main 
Street  in  that  town.     The  Board  replied  as  follows  :  — 

BoaTon,  Jnne  6, 1896. 
The  Board  has  caused  examinations  of  the  present  and  proposed  s 
of  supply  and  analyses  of  water  from  each  of  the  sonrces  to  be  made. 
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Formation  thus  obtained  the  Board  finds  that  the  present  sources  are 
to  be  inadequate  in  a  dry  year  for  supplying  the  present  consumers 
rater. 

analyses  of  samples  of  irater  taken  from  the  test  well  at  the  pro- 
source  allow  that  the  water  is  at  present  of  excellent  quality,  and, 
gh  it  may  change  somewhat  in  character  with  a  continuous  draught 
iiis  source,  it  will  probably  remain  of  suitable  quality  for  water-supply 
see,  unless  there  should  be  a  considerable  increase  in  the  population 
vicinity  of  the  well. 

I  conditions,  however,  do  not  appear  favorable  for  obtaiuing  any  laige 
onal  supply  of  water  from  this  source,  and,  as  it  is  the  general  ex- 
ec of  cities  and  towns  that  the  amount  of  wat«r  consumed  increases 
faster  than  the  population,  both  on  account  of  the  increasing  pro- 
n  of  the  inhabitants  supplied  with  water  and  the  increasing  use  of 
per  consumer,  it  is  not  probable  that  the  proposed  additional  supply 
meet  the  requirements  for  more  than  a  very  few  years, 
i  Board,  therefore,  believes  it  to  be  desirable,  in  order  to  provide 
ately  for  the  present  and  future  needs  of  the  town,  and  probably  in 
terest  of  true  economy,  to  obtaiu  a  larger  additional  supply  of  pare 
than  can  be  obtained  from  the  proposed  source  near  Main  Street,  and 
IS  that  you  make  further  investigations,  with  the  aid  of  a  competent 
!er,  to  ascertain  whether  it  is  uot  feasible  to  obtaiu  such  a  supply. 

XEBICA.     J.  Nelson  Parker  and  other  petitioners  applied  to  the 
1  March  6,  1895,  for  its  advice  relative  to  the  use  of  the  water 
itting's  Pond  in  BUlerica  for  fire  and  domestic  purposes  for  that 
The  Board  replied  to  this  application  as  follows :  — 

BoBToK,  April  4.  IS9& 
i  State  Board  of  Health  has  considered  your  application  relative  to  a 
sed  water  supply  to  be  taken  from  Nutting's  Pond  in  Billerica,  has 
le  pond  examined  by  one  of  its  engineers,  and  has  caused  a  chemical 
licroscopical  examination  of  a  sample  of  water  collected  from  it  to  be 

:  chemical  examination  shows  that  the  water  has  a  high  color  and 
his  a  large  amount  of  oi^anic  matter,  much  of  which  is  in  suspension ; 
le  microscopical  examination  shows  that  a  lai^e  part  of  tJie  suspended 
ic  matter  is  a  minute  oi^anism,  of  a  kind  which  is  known  to  have 
d  bad  tastes  and  odors  in  other  water  supplies  of  the  State.  The 
,  therefore,  although  not  polluted  by  sewage,  and  no  worse  in  other 
Its  than  that  furnished  to  a  few  places  in  the  State,  cannot  in  its 
at  condition  be  regarded  as  of  satisfactory  quality  for  the  purpoeea 
lublic  water  supply. 
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The  Board  therefore  advisee  the  inveBtigation  of  other  available  sources, 
to  ascertain  if  a  better  one  caanot  be  found ;  and  it  may  also  be  well  to 
determine  wliether  tlie  pond  can  be  improved  as  a  source  of  water  supply 
by  any  changes  wliich  it  is  feasible  to  malie  in  or  near  it,  and  to  liave  samples 
of  water  collected  from  the  pond  at  other  seasons  of  the  year  and  analyzed. 

BEADroRD.  An  application  was  received  from  the  Bradford  Water 
Company  for  the  advice  of  the  Board,  relative  to  the  introduction  of 
a  new  water  supply  from  Johnson's  Pond  in  Boxford  and  Groveland, 
and  as  to  the  improvement  of  the  existing  supply  by  methods  out- 
lined by  the  engineer  of  the  company.  The  Board  replied  to  this 
application  as  follows :  — 

BoBTOH,  Huch  15,  ises. 

Samples  of  water  from  your  present  eonrce  have  been  examined  by  this 
Board  from  time  to  time  since  1SS9  ;  and,  while  the  water  at  first  was  of 
very  good  quality,  it  has  been  deteriorating  in  recent  years,  and  there  is  no 
reason  to  expect  that  it  will  become  better,  but  rather  that  it  will  continue 
to  deteriorate. 

The  quality  of  the  water  might  be  improved  by  proper  treatment,  but 
there  is  uncertainty  as  to  whether  it  could  be  made  a  wholly  satisfactory 
water,  and  the  cost  of  thorough  treatment  might  be  large  in  comparison 
with  the  cost  of  obtaining  a  satisfactory  water  in  other  ways ;  moreover, 
the  capacity  of  the  source  is  but  little  in  excess  of  the  amount  of  water  now 
pump«l.  The  Boai-d,  therefore,  believes  that  the  present  source  should  be 
abandoned  as  soon  as  a  better  one  can  be  made  available. 

The  Board  has  caused  examinations  to  be  made  by  its  engineers  of  all 
of  the  sources  from  which  it  seemed  at  all  probable  that  a  satisfactory  sup- 
ply for  the  towD  of  Bradford  might  be  obtaiued ;  and  from  this  examination 
it  concludes  that  there  is  no  opportunity  to  obtain  a  satisfactory  ground- 
water supply,  and  that  Johnson's  Fond  is  the  most  appropriate  source  from 
which  to  take  a  supply  of  surface  water. 

An  analysis  of  water  from  this  pond,  taken  in  connection  with  an  exam- 
ination of  the  pond  and  its  drainage  area,  shows  that  the  water  is  of  good 
quality,  and  suitable  for  all  the  purposes  of  a  public  water  supply ;  and  the 
pond  will  furnish  a  sutHcient  quantity  of  water  to  supply  the  towns  of  Brad- 
fonii  Groveland  and  Boxford,  and  still  leave  as  much  water  as  is  necessary 
to  meet  the  requirements  of  the  mills  situated  upon  the  stream  which  flows 
from  the  pond,  for  all  purposes  except  water  power. 

Xbe  plan  for  improving  the  quality  of  the  water  from  the  present  source 
dariog  the  construction  of  new  works,  as  outlined  in  the  report  of  your 
engineer,  contemplates  passing  all  of  the  water  used  through  the  existing 
distributing  reservoirs,  so  that  a  portion  of  the  iron  contained  in  the  water 
may  become  oxidized,  and  settle  to  the  bottom  of  the  reservoirs. 
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e  plan  proposed  by  him  ahoald  caose  a  considerable  improvement  in 
uality  of  the  water,  which  might  be  increased  somewhat  if  the  water 
pumped  to  a  greater  height  than  the  water  iu  the  reservoir,  and  mtide 
me  in  contact  with  the  wr  as  much  as  possible  in  falling.  A  still 
er  improvement  would  result  if,  in  addition  to  letting  the  water  drop 
igh  the  air,  it  were  given  further  opportunity  for  aeration  by  passing 
'ougli  a  filter  composed  of  fragments  of  coke  large  enough  to  permit 
r  and  air  to  pass  very  freely.  This  filter  should  be  situated  above  the 
of  the  water  In  the  reservoirs,  and  should  have  a  surface  area  of  about 
iqiiare  feet. 

lOOKFiELD.  The  water  commissioners  of  Brookfield  applied  to 
Board  Feb.  6,  1895,  for  its  advice  relative  to  taking  a  public 
r  supply  from  South  Pond  in  that  town.  Advice  was  also  asked 
the  "  use  of  this  source  in  common  by  the  towns  of  West  Brook- 
and  Warren,"  in  addition  to  Brookfield,  through  the  medium  of 
ame  works.     The  Board  replied  to  this  application  as  follows :  — 

Boston,  JuIt  11,  1S95. 
le  Board  finds  that  the  quality  of  the  water  at  the  northerly  end  of  the 
is  at  times  unfavorably  affected  by  the  back  flow  of  water  fi-om 
Kittg  Pond,  the  water  of  which  is,  in  its  natural  state,  inferior  to  that 
oiith  Pond,  and  is  also  polluted  by  the  sewage  dischat^ed  into  its 
irs  from  the  town  of  Spencer ;  but  analyses  of  samples  of  water  col- 
d  at  a  distance  from  the  outlet  of  the  pond  show  that  if  the  back  flow 

Quaboag  Pond  is  prevented.  South  Pond  will  furnish  a  water  of  excel- 
quality  for  all  the  purposes  of  a  public  water  supply. 
le  quantity  of  water  which  the  pond  will  furnish  is  undoubtedly  much 
cess  of  the  quantity  which  will  be  required  for  the  supply  of  the  town. 
I  addition  to  the  examinations  of  South  Pond,  the  Board  has  caused 
leral  examination  to  be  made  of  other  sources  from  which  it  seemed 
ble  that  a  supply  might  be  obtained,  and  has  also  caused  analyses  to 
ade  of  samples  of  water  collected  from  these  sources.    These  examina- 

were  not  carried  far  enough  to  be  wholly  conclusive,  but  they  did  not 
ate  that  there  was  any  more  appi-opriate  source  than  South  Pond  from 
li  to  obtain  a  supply  for  the  town. 

in  alao  stated  in  your  application  that  "advice  is  desired  as  to  the 
bility  and  sufficiency  of  this  source  for  the  towns  of  West  Brookfield 
Warren  if  supplied  in  common  with  Brookfield  through  the  medium 
J  works  as  proposed  by  the  latter  town."  It  has  already  been  indicated 
if  provision  is  made  for  preventing  the  back  flow  from  Quaboag  Pond 
rater  of  South  Pond  will  be  of  suitable  quality  for  water-supply  par- 
> ;  and  the  quantity  of  water  which  this  source  will  furnish  is  suffl- 
ly  tai^e  to  supply  all  three  towns  for  a  long  time  in  the  future. 
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DiOHTON  and  Soubbset.  An  application  was  received  Jan.  17, 
1895,  from  James  H.  Flint  and  others  (petitioners  for  incorpora- 
tion as  the  Dighton  and  Somerset  Water  Company) ,  for  the  ad- 
vice of  the  Board  relative  to  the  taking  of  the  waters  of  Muddy 
Brook  and  Segreganset  Eiver  and  their  tributaries  iij  the  town  of 
Dighton,  and  the  water  from  any  artesian  or  other  wells  which  may 
be  dug,  bored  or  driven  for  the  purpose  in  these  towns,  as  sources 
of  domestic  water  supply  for  Dighton  and  Somerset.  The  Board 
replied  to  this  application  as  follows  :  — 

BosToM,  Much  23. 1899. 

The  Board  has  caused  esaminations  of  the  proposed  sources  of  supply 
to  be  made,  as  far  as  has  been  found  practicable  at  this  seasou  of  the  year. 
Samples  of  water  from  Muddy  Brook,  Sunken  Brook  and  the  Segreganset 
River  have  been  analyzed,  and  each  has  the  brownish  color  and  other  char- 
acteristics which  water  acquires  from  contact  with  vegetable  matter  in 
swamps  or  shallow  ponds,  and  on  this  account  the  water  taken  directly 
from  either  of  these  streams  would  not  be  of  entirely  satisfactory  quality. 

The  water-sheds  of  both  Muddy  Brook  and  Sunken  Brook  are  so  small 
that  they  will  not  furnish  enough  water  to  supply  the  towns  in  a  dry  sum- 
mer, unless  a  considerable  amount  of  the  water  flowing  in  the  wetter  portions 
of  the  year  is  stored  in  reservoirs.  There  does  not  appear  to  be  an  oppor- 
tunity for  building  reservoirs  upon  these  streams  of  sufficient  depth  to 
prevent  the  water  from  deteriorating  unless  the  reservoirs  are  deepened  by 
excavating ;  and  in  oi'der  to  obtain  a  sufficient  amount  of  storage  in  this 
way  the  reservoirs  would  be  very  costly. 

The  Segreganset  River  has  a  much  larger  water-shed  than  the  brooks 
above  referred  to,  and  can  readily  be  made  to  furnish  all  of  the  water 
required  for  both  towns. 

A  general  examination  was  made  of  other  sources,  and  there  seemed  to 
be  more  favorable  opportunities  for  obtaining  a  water  supply  in  Dighton 
than  in  Somerset ;  and,  should  it  be  found  upon  further  investigation  that, 
as  now  seems  probable,  the  supply  for  both  towns  should  come  from  sources 
in  the  town  of  Dighton,  the  two  towns  could  be  supplied  more  economically 
from  one  system  of  works  than  from  independent  systems. 

Owing  to  the  somewhat  swampy  character  of  the  water  flowing  in  most 
of  the  streams  in  this  vicinity,  it  is  desirable  that  a  supply  of  good  ground 
water  should  be  obtained  if  possible ;  and  the  Board  advises  that  investiga- 
tions be  made  to  determine  whether  it  is  feasible  to  obtain  a  supply  of  tbia 
kind,  but  cannot  with  its  present  information  advise  definitely  as  to  the  best 
place  for  making  the  investigations. 

The  Board  will,  if  you  so  request,  give  you  further  advice  later  in  the 
year,  if  yon  have  more  definite  information  to  present  as  to  the  feasibility 
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of  obtainiDg  a  ground-water  supply,  or  should  fiud  a  more  satiefactor;  aur> 
face- water  source. 

On  April  26  the  Board  received  a  further  application  from  the 
same  petitioners  for  further  advice  relative  to  the  use  of  the  water  of 
Pine  Swamp  Brook  and  of  the  Segregauset  River,  or  of  so  much  of 
either  source  as  may  be  necessary  to  supplement  a  ground-water 
supply.    The  Board  replied  to  this  second  application  as  follows  :  — 

BoBToH,  Haf  2B,  ISM. 
The  State  Board  of  Health  received  from  you  April  26,  1895,  an  appli- 
caliou  for  further  advice  relative  to  using,  for  the  water  supply  of  the 
towns  of  Dighton  and  Somerset,  the  water  of  Pine  Swamp  Brook  and  of 
the  Segreganset  River,  or  so  much  of  the  water  of  either  source  as  may  be 
necessary  to  supplement  the  supply  obtained  from  the  ground.  You  also 
atat«  that  additional  information  has  been  obtained  as  to  the  character  of 
the  ground  in  the  vicinity  of  these  streams. 

The  Board  in  its  last  reply  made  the  following  statement :  "  Owing  to 
the  somewhat  swampy  chai'acter  of  the  water  flowing  in  most  of  the  streams 
in  this  vicinity,  it  is  desirable  that  a  supply  of  good  ground  water  should 
be  obtained  if  possible,  and  the  Board  advises  that  investigations  be  made 
to  determine  whether  it  is  feasible  to  obtain  a  supply  of  this  kind,"  and 
concluded  its  reply  as  follows :  *'  The  Board  will,  if  yon  so  request,  give 
you  further  advice  later  in  the  year,  if  yon  have  more  definite  information 
to  present  as  to  the  feasibility  of  obtaining  a  ground-water  supply,  or 
should  find  a  more  satisfactory  surface-water  source." 

Further  examinations  and  analyses  made  by  the  Board  indicate  that  the 
waters  of  Pine  Swamp  Brook  and  the  Segregauset  River,  owing  to  their 
brownish  color  and  accompanying  taste  and  odor,  would  not  be  of  satisfac- 
tory quality  for  water-supply  purposes  unless  taken  indirectly  by  filtration 
through  the  ground. 

The  additional  information  submitted  by  you  as  to  the  character  of  the 
ground  in  the  vicinity  of  these  streams  was  obtained  by  driving  three  test 
wells  near  the  junction  of  Fine  Swamp  Brook  and  the  Segreganset  River. 
These  tests  show  that  there  is  more  or  less  porous  material  beneath  the  sur- 
face from  which  water  can  be  pumped,  and,  although  the  conditions  do  not 
appear  to  be  favorable  for  obtaining  any  very  abundant  supply  of  ground 
water,  yet  it  may  be  feasible  to  obtain  the  comparatively  small  quantity 
needed  for  these  towns  by  meaue  of  a  well  supplemented  by  collecting 
pipes  or  galleries  extended  for  a  snfflcient  distance  up  the  valleys  of  the 
Pine  Swamp  Brook  and  the  Segreganset  River. 

Xo  samples  of  water  were  procured  from  the  wells  darmg  the  tests;  but. 
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Iging  from  (he  analyses  of  samples  of  water  collected  from  a  spring  and 
>m  two  wells  not  very  far  away,  it  ia  probable  that  the  water  to  be 
tainad  from  the  ground  would  be  of  good  quality. 
The  examinations  have  been  sufficiently  extended  to  indicate  that  the 
ound  in  the  vicinity  of  the  Pine  Swamp  Brook  and  the  Segreganset  River 
likely  to  be  the  best  source  within  the  limits  of  these  townd  from  which  to 
^e  a  water  supply ;  but  the  information  at  present  available  is  too  limited 
enable  the  Board  to  give  a  definite  opinion  upon  this  point. 

Edgartown.  An  application  was  received  from  Joseph  K.  Nj'e, 
arch  12,  1895,  petitioner  for  incorporation  aa  the  Edgartown 
ater  Company,  for  the  advice  of  the  Board  relative  to  taking  the 
»ter  of  certain  springs  in  a  valley  south-west  of  the  village  of 
dgartown  as  a  source  of  public  water  supply.  The  Board  replied 
this  application  as  follows  :  — 

Boston,  Much  2S,  IB95. 
The  State  Boai-d  of  Health  received  from  you  on  March  12,  1S95,  an 
iplication  relative  to  a  proposed  water  supply  for  Edgartown,  Mass., 
lich  contains  the  following  statement:  "The  proposed  source  of  sup- 
j  is  from  a  tract  of  land  situated  about  four  thousand  feet  in  a  south- 
isterly  direction  from  the  village  of  Edgartown.  The  land  is  situated  in 
valley  running  in  a  south-easterly  direction,  the  point  of  location  being 
the  head  of  this  valley,  something  over  a  mile  from  Edgartown  Harbor. 
t  this  point  are  a  number  of  springs,  and  it  is  proposed  to  drive  a  sufB- 
int  number  of  pipe  wells  to  yield  the  required  amount  of  water." 
The  Board  has  caused  an  examination  of  the  locality  referred  to  to  be 
Eule  by  one  of  its  engineers ;  but,  aa  the  ground  has  not  been  tested  by 
iving  wells  or  otherwise,  it  is  impracticable  at  the  present  time  to  give 
ly  definite  opinion  as  to  the  quantity  and  quality  of  water  to  be  obtainc<l 
}m  the  proposed  source.  Judging  from  surface  indications,  however,  it 
not  improbable  that  a  sufficient  quantity  of  water  may  be  obtained  from 
e  ground  in  this  vicinity;  and.  Judging  from  experience  with  the  water 
pplies  of  Cottage  City  and  Vineyard  Haven,  which  are  derived  from 
ound  apparently  similar  in  character,  it  is  probable  that  the  water  will  be 
good  quality. 

The  Board  will  advise  you  further  upon  this  subject  when  you  have 
ide  teste  of  the  ground  and  have  additional  information  to  present. 

Gloucester.  The  Board  received  the  following  application  July 
1894,  from  the  mayor  of  Gloucester,  for  the  advice  of  the  Board 
lative  to  the  water  supply  of  that  city :  — 
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Glol'c««teb,  M*se.,  Jane  30, 1B(H. 
To  the  Slate  Board  of  Health. 

The  city  of  Gloucester,  by  its  duly  appointed  committee,  desires  and 
respectfully  requests  that  further  and  more  complete  investigatiooB  of  its 
present  and  prospective  sources  of  water  supply  be  made  during  this  year, 
in  oi-der  that  safe  and  final  conclusions  may  be  reached  by  the  city  con- 
cerning the  present  and  ultimate  capacities  of  the  sources  from  which  water 
is  now  being  actually  supplied  to  the  city,  and  those  which  may  be  added 
in  reinforcement  when  an  increase  becomes  necessary,  among  the  latter  to 
be  included  Chebaeco  Pond,  with  its  tributaries  and  water-sheds.  The  city 
desires  that  the  question  of  quality,  iu  each  case,  be  exhaustively  consid- 
ered ;  that  present  and  future  improvements  which  may  be  necessary  to 
raise  the  quality  to  the  highest  degree  attainable  with  reasonable  economy 
be  indicated ;  and  that,  so  far  as  possible,  some  idea  of  the  relative  costs 
of  making  these  improvementa  in  each  case  be  given. 

Directions  have  been  given  to  the  city  engineer  "  to  obtain  all  records 
of  varying  depths  of  water  in  the  present  sources  and  kindred  data  which 
may  have  any  bearing  upon  the  cose,"  and  the  city  engineer  will  follow  any 
suggestions  which  the  Board  may  give  in  this  line,  and  will  promptly  make 
such  returns  as  the  Board  may  indicate. 

The  city  desires  and  respectfully  requests  that  analyses  of  the  waters  of 
the  sources  involved  be  made  with  regularity  during  the  remainder  of  this 
year,  the  samples  to  be  taken  simultaneously,  if  practicable. 

For  the  joint  special  committee  on  water  supply  of  the  city  of 
Gloucester, 

(Signed)  Benj.  F.  Cook, 

Mayor,  and  Chairman  of  Committee. 

To  this  application  the  Board  replied  aa  follows  :  — 

Boston,  April  12, 1S9S. 
In  accordance  with  your  request,  an  engineer  of  the  Board  visited  your 
present  and  prospective  sources  twice  in  the  month  of  July,  1894,  and  made 
arrangements  for  having  samples  of  water  taken  from  the  present  sources 
by  your  city  engineer,  acting  in  conjunction  with  a  representative  of  the 
Gloucester  Water  Company,  and  from  prospective  somxies  by  your  city 
en^neer.  These  samples  were  collected  about  once  a  month  until  Feb- 
ruary, 1895,  making  the  total  number  of  samples  collected  and  analyzed  64. 
From  time  to  time  your  city  engineer  and  Mr.  Percy  M.  Blake,  the  engi- 
neer especially  engaged  upon  the  water-supply  investigation,  have  furnished 
information  and  plans,  giving  the  results  of  eurvcys  and  observations 
bearing  upon  the  question  of  the  capacity  of  present  and  proposed  8< 
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:,  finally,  we  hare  received  the  aupplementary  report  of  Mr.  Blake  upoo 
lunicipal  water  supply  for  the  city  of  Gloucester,  dated  March  9,  1893. 
Vith  the  iuformation  thus  fumiehed  and  that  obtained  by  Beveral  exam- 
UoDB  made  by  an  engineer  of  thie  Board,  the  questions  submitted  by 

have  been  carefully  considered. 

?he  conclusions  reached  by  the  Board  as  a  result  of  this  consideration 
substantially  the  same  B8  those  contained  in  the  reply  to  you  upon  the 
le  subject,  dated  April  27,  1894,  which  were  as  follows;  — 
'The  Board  finds  that  tlie  present  sources  have  sufilcient  capacity  in  a 

year  to  supply  the  quantity  of  water  now  used  by  the  city;  but  the 
ulation  now  supplied  is  much  less  than  the  total  population,  and  the 
>unt  of  water  consumed  is  increasing  from  year  to  year,  so  that  it  will 
necessary  before  long  either  to  develop  the  sources  now  used  or  to  obtain 
irther  supply  from  other  sources.  If  the  present  sources  and  those  in 
ir  vicinity  should  be  fully  developed  they  would  furnish  fully  double  the 
ntity  of  water  now  used,  and  make  a  further  supply  unnecessary  at  the 
sent  time. 

'  The  water  supplied  from  the  present  reservoirs  of  the  Gloucester  Water 
npany  is  practically  free  from  pollution  by  sewage,  and  in  other 
jects  it  is  a  fairly  satisfactory  water  for  the  purposes  of  a  public  water 
ply,  and  is  somewhat  better  at  the  present  time  than  the  water  in  Che- 
CO  Lake.  It  could  undoubtedly  be  improved,  however,  by  the  removal 
itumps,  soil  and  vegetable  matter  from  the  bottom  and  sides  of  the 
:rvoirs.  The  water  from  other  sources  near  the  present  ones  in  West 
incester  has  not  been  analyzed,  but  from  an  examination  of  tbese 
rces  it  seems  probable  that  they  will  furnish  as  good  water  as  the 
rces  now  supplying  the  city. 

'  Chebacco  Lake  will  furnish  a  somewhat  larger  quantity  of  water  than 
Id  be  obtaiucd  from  all  of  the  available  sources  in  West  Gloucester  if 
f  were  fully  developed,  and  is  probably  the  most  available  source  of 
er  supply  for  Gloucester,  independent  of  the  present  works.  As 
ady  indicated,  the  water  is  not  quite  as  good  as  that  now  supplied  to 
city,  and  it  is  doubtful  if  it  would  prove  a  satisfactory  water  for  water- 
ply  purposes  unless  improved  in  some  way,  which  cannot  be  determined 
1  the  information  now  available. 

'  The  Chebacco  ponds  are  located  In  the  towns  of  Essex,  Hamilton  and 
nham,  and  are  only  a  shoit  distance  from  Manchester,  and  may  prove 
most  available  source  of  water  supply  or  additional  water  supply  for 
le  towns ;  moreover,  it  is  not  improbable  that  they  may  prove  the  most 
liable  source  from  which  to  take  an  additional  water  supply  for  Salem 

Beverly,  when  the  capacity  of  tlie  sources  from  which  these  places  are 

authorized  to  take  water  has  been  reached.  Under  these  circum- 
ices,  the  Board  is  of  the  opinion  that  the  Chebacco  ponds  are  not  at 
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liver  at  a  point  near  tlie  "  Poor  Farm."  The  Board  replied  to  this 
pplicatioa  as  follows :  — 

Bonoir,  Mucb  IS,  1896. 

Tou  Btate  that  it  is  the  purpose  to  take  water  at  a  point  on  the  west 
oundary  of  land  oimed  by  the  town  of  Greenfield  and  known  as  the 
'  Poor  Farm ; "  and  the  Boai-d  has  since  been  informed  that  the  water  is  to 
e  taken  from  a  crib  or  well  sunk  in  the  gravel  beside  the  river,  rather  than 
irectly  from  the  river  itself.  It  is  further  understood  that  this  supply  is 
)  be  obtained  by  pumping,  and  is  to  supplement  the  present  gravity  supply 
lom  Glen  Itrook  during  the  drier  portion  of  the  year. 

The  water  of  the  Green  Ei'ver  is  somewhat  harder  than  that  obtained 
n>m  the  present  source,  but  is  not  hard  enough  to  be  objectionable.  In 
ther  respects  the  analyses  indicate,  as  far  as  analyses  can,  that  the  water 
I  of  excellent  quality  for  all  the  purposes  of  a  public  water  supply.  There 
I  ft  risk,  however,  in  taking  water  directly  from  a  stream  which  has  any 
opnlation  near  it.  But,  in  the  present  case,  the  risk  is  comparatively 
light  on  account  of  the  extremely  small  population.  Still  it  would  be 
(Ivisable  to  take  the  water  from  a  well  sunk  near  the  river,  as  proposed, 
1  preference  to  taking  it  directly  from  the  river. 

Before  sinking  a  well  of  this  kind,  examinations  should  be  made  to  de- 
irmine  that  the  material  adjacent  to  the  river  is  porous  to  a  considerable 
epth  below  the  level  of  the  water  iu  tJie  river;  and,  if  such  material 
liould  not  be  fonnd  at  the  point  indicated  in  your  application,  the  Board 
ilvises  that  you  should  make  similar  examinations  of  the  ground  beside 
le  river  near  the  point  wliere  Allen  Brook  enters  it,  as  the  examinations 
lade  by  one  of  the  engineers  of  the  Board  indicate  that  favorable  ground 
1  which  to  sink  a  well  may  be  found  at  this  place. 

Groton.  The  committee  on  water  supply  of  Groton  a]>plied  to 
le  Board  Jan.  12,  1895,  for  it8  advice  relative  to  Baddaoook  Pond 
tid  springs  near  Cady  Pond  as  sources  of  water  supply  for  Groton. 
he  Board  replied  to  tjiis  application  as  foUowa ;  — 

.  Bmtom,  Not.  i,  I89S. 

The  Board  has  causei)  an  examination  of  these  sources  to  be  made  by 
ne  of  its  engineers,  and  samples  of  the  water  to  be  analyzed. 

The  quality  of  the  water  of  springs  near  Cady  Fond  is  excellent  in 
lOst  respects,  but  its  hardness,  which  appears  to  be  due  to  the  presence 
'  limestone  in  the  ground  through  which  the  water  percolates,  is  such  as 
I  make  it  very  unsatisfactory  for  many  of  the  purposes  of  a  public  water 
ipply.  There  is  much  doubt  also  as  to  whether  the  quantity  of  water 
hich  the  springs  would  furnish  in  a  very  dry  season  would  be  sufficient 
>r  the  supply  of  the  town  after  water  shall  have  come  into  general  use. 
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The  KDalysis  of  this  sample,  taken  in  connectioa  v 
water-shed,  indicatea  that  the  water  is  of  excellent  qoaui^y  loi 
of  a  public  water  supply. 

It  was  not  feasible  undfr  the  circamstances  to  judge  from 
tioD  of  the  locality  whether  the  brook  at  the  upper  site  will  f 
cient  quantity  of  water  for  the  town ;  but  the  report  of  you 
the  measured  flow  in  September,  1894,  indicates  that  it  will  ( 
The  Board  regards  the  source  as  an  appropriate  one  from 
a  water  supply  for  the  town  of  Hatfield. 

Haverhill,  The  water  board  of  Haverhill  applied 
Board  of  Health  Jan.  15,  1895,  for  its  advice  relative  to 
an  additional  supply  of  water  for  Haverhill  from  East  M 
in  that  city  by  constructing  a  dam  and  making  a  storaj 
water  to  lie  pumped  from  this  basin  to  Lake  Kcnoza,  tl 
the  present  higli-service  supply  of  the  city.  The  Boai 
this  application  as  follows :  — 

Regarding  this  source  of  supply  and  the  method  of  utiliz 
from  it  you  make  the  following  statement ;  — 

"  This  additional  supply  for  the  city  of  Haverhill  is  propose 
from  the  East  Meadow  River,  in  the  easterly  portion  of  the 
vale,  whera  it  is  proposed  to  construct  a  dam  and  create  a  s 
The  area  of  the  basin  will  be  approximately  47  acres ;  the  d 
at  the  dam  will  be  about  14  feet  in  the  deepest  place.  1 
capacity  of  this  basin  is  118,000,000  gallons.  It  is  proposed 
mud  and  vegetable  matter  from  the  site  of  the  basin.  Tb 
water-shed  above  the  dam  is  approximately  7.75  square  miles 

"A  pumping  station  will  be  erected,  with  a  pumping  plan 
capacity  to  pump  all  of  the  water  needed  in  any  year,  durii 
six  months  of  greatest  flow.  The  water  to  be  pumped  throi 
mile  of  twenty-four-inch  pipe  to  Eenoza  Lake,  the  source  o 
high  sen'ice  supply  of  Haverhill. 

'*Thia  lake  has  an  area  of  225  acres  at  elevalioa  110.  ' 
storage  capacity  is  600,000,000  gallons  in  the  upper  ten  fee 
to  the  top  of  the  intake  of  the  new  pumping  station  proposed 
Kcnoza  Lake  in  connection  with  this  improvement. 

"The  difiference  in  level  of  the  Millvale  basin  and  Kenc 
feet,  the  proposed  high-water  level  of  the  former  being  at  ele 

"  The  plan  of  operation  will  be  to  pump  the  flow  of  East  I 
into  Kenoza  Lake  and  store  it  there,  nsing  the  storage  in  the  '. 
if  necessary. 
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"Thia  basin  will  equalize  the  flow  of  the  stream  and  allow  of  a  pnmp 
being  used  of  no  greater  capacity  than  tbe  average  daily  flow  for  the 
month,  or  as  much  of  it  as  is  required  by  the  consumption." 

Your  application  was  accompanied  by  the  report  and  plans  of  your 
engineer,  Mr.  Freeman  C.  CoflOn,  relative  to  providing  an  additional  water 
supply  for  your  city. 

The  State  Board  of  Health  has,  from  time  to  time,  for  many  years, 
analyzed  samples  of  water  from  the  present  sources  of  supply,  viz. ,  Kenoza 
Lake,  Crystal  Lake,  Bound  Fond  and  Plug  Pond,  and  r^ards  tbe  water 
from  all  these  sources  except  Plug  Pond  as  of  suitable  quality  at  the 
present  time  for  drinking. 

The  amount  of  water  consumed  by  the  city  is  not  definitely  known, 
because  only  the  portion  pumped  from  Kenoza  Lake  is  measured,  but, 
Judging  from  the  estimates  made  by  your  engineer  and  similar  estimates 
made  by  an  engineer  of  this  Board,  tbe  average  consumption  of  water 
during  the  three  years  from  1892  to  1894,  inclusive,  was  2,800,000  gallons 
per  day,  which  is  in  excess  of  the  capacity  of  the  present  sources  of  supply, 
«xclu8ive  of  Plug  Pond,  in  a  series  of  dry  years.  It  therefore  follows 
that  an  additional  supply  should  be  provided  at  once,  or  that  measures 
should  be  taken  promptly  to  diminish  the  consumption  of  water. 

The  amount  of  water  consumed  in  Haverhill  is  very  lai^e  in  proportion 
to  its  population,  as  will  be  seen  by  the  following  comparison  with  the  con- 
sumption in  other  cities  In  tbe  State  where  the  manufacture  of  boots  and 
shoes  is  the  chief  industry  :  — 


ITfSSS.- 

TOUU 

^m^^^ 

Lynn  (including  Saugus),     . 

Haverhill 

Brockton 

Marlborough, 

68,378 
30,600 
81.200 
16,624 

3,770,000 

2,800,000 
767,000 
441,000 

66 
92 
26 

28 

There  is  no  doubt  that  the  consumption  of  water  in  Haverhill  is  unusu- 
ally lai^e,  and  that  it  would  be  feasible  to  diminish  it  by  preventing  the 
leakage  and  waste  of  water  to  such  an  extent  that  the  present  sources 
would  supply  considerably  more  than  the  present  population. 

Analyses  of  samples  of  water  collected  from  tbe  East  Meadow  River  at 
tbe  site  of  the  proposed  storage  reser\'oir,  together  with  an  examination  of 
the  drainage  area  of  this  river,  show  that  the  water  is  practically  free  from 
pollution  by  sewage,  but  that  it  contains  organic  matter,  and  has  a  brown- 
ish  color  derived  mainly  from  tbe  swamps  upon  the  water-shed ;  so  that,  if 
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conveyed  directly  to  the  city,  it  would  be  less  attractive  in  appearaoce  and 
probably  lesa  palatable  ttian  the  wat«r  from  the  present  aourcee. 

This  objection  would  be  overcome  to  a  large  extent  by  pumping  the 
water  into  Kenoza  Lake,  The  mingled  waters  will  be  of  much  'better 
quality  than  the  water  of  the  East  Meadow  Elver,  and  will  bleach  and  other- 
wise improve  in  quality  by  storage  in  the  lake.  When  it  becomes  neces- 
sary to  take  a  large  proportion  of  the  water  from  the  East  Meadow  River, 
it  may  prove  desirable  to  improve  the  quality  of  the  water  of  the  river  by 
thoroughly  draining  the  swamps  npon  the  water-shed,  so  that  the  waterwill 
not  take  up  so  large  an  amount  of  organic  and  coloring  matter.  If  the 
population  upon  the  water-shed  of  the  river  should  increase  materially,  it 
may  be  necessary  to  take  efficient  measures  to  prevent  the  waste  matters 
from  entering  the  river. 

Owing  to  the  large  size  of  the  watet-shed  of  the  East  Meadow  River 
above  the  proposed  dam,  there  is  no  doubt  that  the  quantity  of  water  which 
flows  in  the  river  during  the  year  is  much  larger  than  the  quantity  flowing 
into  all  of  the  present  sources;  and,  since  the  ponds  and  lakes  now  in  use 
have  a  very  large  storage  capacity,  a  large  additional  supply  could  be 
obtained  by  pumping  the  portion  of  the  Qow  of  the  river  which  could  be 
made  available  without  constructing  a  etoroge  reservoir  upon  it.  A  still 
latter  supply,  however,  can  be  obtained  by  constructing  the  proposed 
storage  reservoir  upon  the  river,  and  if  all  of  the  mud  and  vegetable 
matter  is  removed  from  its  site,  as  proposed  by  you,  the  quality  of  the  water 
should  improve  rather  than  deteriorate  by  storage  in  this  reservoir. 

As  the  result  of  all  of  its  examinations,  the  Board  believes  that  the 
proposed  source  can  be  made  to  furnish  a  water  of  satisfactory  quality,  and 
that  it  is  the  moat  appropriate  source  from  which  to  take  an  additional 
water  supply  for  the  city  of  Haverhill. 

HoLDBN.  The  committee  on  water  supply  for  the  town  of  Holden 
applied  to  the  Board  Jan.  23,  18115,  for  its  advice  relative  to  taking 
the  water  of  Pine  Hill  Reservoir  in  that  town  as  a  source  of  domes- 
tic water  supply.  The  Board  replied  to  this  application  as 
follows :  — 

BoaroN,  Much  19, 1S9S. 

The  proposed  source  would  furniah  an  abundant  snpply  of  water,  but  the 
quality  is  likely  to  be  aomewhat  unaatia factory  unless  the  town  obtains  con- 
trol of  and  improves  the  reservoir,  which  was  not  originally  prepared  with  a 
view  to  storing  water  for  domestic  use,  and  is  now  drawn  very  low  in  dry 
seasons  for  use  at  the  mills  below,  and  improves  the  quality  of  the  water 
entering  the  reservoir  by  preventing  the  discharge  of  manufacturing  wasteB- 
into  it,  and  by  draining  ewamps  above  t^e  reservoir. 


No.  34.]         ADVICE  TO  CITIES  AND  TOWNS.  29 

In  addition  to  the  objection  that  this  water  is  not  Ukely  to  be  wholly  eat- 
isfactory  in  quality,  there  is  the  further  objectdon  that  the  reservoir  is  not 
high  enough  to  furnish  by  gravity  an  efficient  fire  service  in  the  town. 

In  view  of  these  unfavorable  features  of  the  source  proposed  by  you, 
the  Board  has  caused  a  further  examination  of  MuBCbopauge  Pond  in  the 
town  of  Rutland  to  be  made,  in  order  to  ascertain  whether  this  source, 
which  has  recently  been  considered  in  connection  with  a  proposed  water 
snpply  for  Rutland,  is  not  also  an  appropriate  source  of  supply  for  Holden. 
This  pond  will  famish  a  water  of  better  quality  than  Pine  Hill  Reservoir, 
and  is  high  enough  to  provide  by  gravity  an  ample  presenre  for  Bre  pur- 
poses  in  all  parts  of  Holden,  and  the  quantity  of  water  is  sufficient  for  both 
towns. 

Measurementa  from  the  State  map  indicate  that  the  additional  length  of 
main  pipe  required  to  take  water  from  the  pond  instead  of  from  Pine  Hill 
Resen-oir  will  be  about  0.7  of  a  mile ;  but  the  advantages  of  taking  a  water 
snpply  from  this  source  are  so  great  that  the  Board  regards  it  a  more  appro- 
priate source  for  the  town  of  Holden  than  the  one  proposed;  subject, 
however,  to  the  right  of  the  town  of  Rutland  to  take  as  much  water  as  it 
needs  from  the  pond. 

HoLYOKE.  An  application  waa  received  from  tlie  water  board 
of  Holyoke  Nov.  29,  1895,  for  the  advice  of  the  State  Board  of 
Health,  relative  to  a  proposed  additional  water  supply,  to  be  taken 
from  the  south-west  branch  of  the  Manhan  Kiver  at  a  point  about 
two  and  one-half  miles  above  Busgellville. 

The  Board  replied  to  this  application  as  follows :  — 

BoBTOM,  Jan.  S,  1890. 
The  State  Board  of  Health  received  from  you  on  Nov.  22,  1895,  an 
application  with  reference  to  a  proposed  additional  water  snpply  for  the 
city  of  Holyoke,  to  be  taken  from  the  south-west  branch  of  the  Mauhau 
River,  at  a  point  Just  below  the  confluence  of  the  Manhan  and  Tucker 
brooks,  about  two  and  one-half  miles  above  the  village  of  Russellville  in  the 
town  of  Southampton.  You  propose  at  first  to  divert  the  natural  flow  of 
the  brook  through  a  twenty-inch  or  twenty-four-inch  pipe  into  Ashley  Pond, 
one  of  your  present  sources  of  supply,  by  gravity,  and  subsequently,  when 
the  increase  in  the  use  of  water  by  the  city  makes  necessary  a  larger  supply 
than  the  natural  flow  of  the  brook  will  famish  in  connection  with  present 
sources,  you  propose  to  construct  storage  reservoirs  at  favorable  sites 
npon  the  stream  and  its  tributaries. 

Your  investigations  with  reference  to  storage  reservoirs  upon  the  water- 
ibed  of  the  proposed  source  indicate  that  a  reservou-  of  a  capacity  of  about 
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760,000,000  can  be  constructed  on  the  Manbaa  Brook,  about  one  and  one- 
half  milee  above  ita  jnoctian  with  Tucker  Brook,  and  that  another  reservoir 
of  large  capacity  can  be  constructed  at  the  junction  of  Manban  and  Tucker 
brooks. 

The  Board  has  caused  an  examiuation  of  the  proposed  source  of  supply 
to  be  made  and  samples  of  the  water  sent  in  by  you  to  be  analyzed.  These 
analyses  indicate  that  the  water  of  the  proposed  source  is  soft,  aud  other- 
vise  of  good  quality  for  domestic  use. 

This  water-shed,  when  developed  by  the  construction  of  storage  reser- 
voirs at  the  sites  indicated,  will,  in  connection  with  your  present  sources, 
furnish  a  sufficient  supply  for  the  city  for  a  very  long  time  in  the  future  at 
the  present  rate  of  increase  in  populatiou,  if  the  consomption  of  water  does 
not  exceed  about  90  gallons  per  inhabitant. 

The  taking  of  the  proposed  source  by  Holyoke  does  not  appear  to  con- 
flict with  the  interests  of  other  growing  communities  in  the  vicinity,  so  far 
as  the  future  water  supply  of  these  places  is  concerned,  and  the  source  is 
an  appropriate  one  for  additional  water  supply  for  Holyoke. 

The  question  as  to  the  size  of  pipe  to  be  used  for  conveying  water  from 
the  south-west  branch  of  the  Manhan  River  to  Ashley  Lake  is  lai^ely  one 
of  cost,  and  depends  to  a  considerable  extent  upon  the  future  growth  of 
the  city.  If  the  city  should  continue  to  grow  for  many  years  in  the  future 
at  about  the  same  i-atc  that  its  past  growth  seems  to  indicate,  there  will 
probably  be  little  difference  iu  the  ultimate  cost  whether  a  twenty-inch  or 
twenty- four-inch  pipe  is  used.  If  the  increase  in  population  and  in  the  use 
of  water  should  be  less  rapid  in  the  future  than  in  the  past,  a  twenty-inch 
pipe  would  probably  be  somewhat  more  economical.  There  is  an  advan- 
tage in  the  use  of  the  larger  pipe,  however,  in  that,  even  before  its  full 
capacity  is  required  to  prevent  a  shortage  of  water,  it  would  be  of  great 
advantage  in  filling  the  preseut  ponds  and  reservoirs  in  the  spring,  keeping 
them  at  a  higher  level  in  the  snmmer,  and  mMutainlng  a  better  quality  of 
water. 

KiXGSTON.  In  the  report  of  the  Board  for  1888  the  following; 
statement  appears  in  regard  to  the  water  supply  of  Kingston  :  — 

In  the  town  of  Kingston  thei'e  are  at  present  two  water  supplies,  one  of 
which,  supplying  water  for  about  forty  or  fifty  families,  has  for  many 
years  conveyed  its  supply  to  the  houses  for  a  considerable  part  of  the 
distance  in  a  lead  pipe  one  and  one-half  inches  in  diameter.  As  there 
was  some  apprehension  in  the  town  lest  injury  might  occur  to  the  persons 
using  this  water,  it  was  thought  best  to  refer  the  matter  to  the  Stats 
Board  of  Health.  It  was  stated  that  iu  certain  instances  persons  who  used 
the  water  had  been  made  ill.     So  far  as  could  be  learned,  however,  the 
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aot  to  use  the  water  which  had  remained  in  tlie  pipes  over 
but  to  let  it  run  off  before  using.     Samples  of  water  were 

ed  from  the  tapa  at  several   houses,  the  water  having  been 

d  ta  stand  over  night  in  the  pipes,  and  in  nearly  everj-  in- 
the  amount  of  lead  found  to  exist  in  such  samples  was  found 

3on8iderably  beyond  the  limits  usually  regarded  as  dangerous 

ilth.     These  amounts  were  found  to  foe  as  high,  in  several 

ces,  as  ^,  ^  and  |  grains  per  gallon. 

[consequence  of  the  results  of  these  investigations,  the  Board 

he  following  communication  to  the  board  of  water  commis- 

8  of  Kingston  :  — ■ 

Boston,  Sept.  2S,  ISU. 
State  Board  of  Health  has  considered  your  request  for  advice  in 
to  the  healthfulncBB  of  the  present  water  supply  of  the  town,  and, 
not  having  completed  its  investigations,  it  has  fonnd  that  the  use 

1  pipes  in  the  distribotion  of  this  wat«r  has  seriously  injai-ed  the 

of  many  citizens  of  the  town,  and  endangers  the  health  of  all  who 

!  water  so  conveyed. 
Board,  therefore,  recommeDds  the  immediate  removal  of  all  lead 

n  the  town,  wherever  they  are  used  for  coavejing  water  for  domestic 

ther  as  service  pipes  or  as  street  mains. 

!  general  subject  of  lead-poisoning  will  receive  fuller  attention 
Lter  report  of  the  Board. 

CE9TER.  An  application  was  received  from  the  water  com- 
incrs  of  Leicester,  Jan.  29,  1895,  for  the  advice  of  the  Board 
'e  to  taking  the  water  of  Asnebumskit  Pond  in  the  town  of 
n  as  an  additional  source  of  water  supply  for  Leicester.  The 
replied  to  this  application  as  follows  :  — 

BosToir,  Feb.  S,  1B95. 

State  Board  of  Health  received  from  yon  on  Jan.  29,  1896,  an 
ition  relative  to  taking  an  additional  water  supply  for  the  Leicester 
supply  district  from  Asnebumskit  Pond  in  the  town  of  Pazton,  and 

same  day  received  an  application  from  the  selectmen  of  the  town 
:ton  relative  to  taking  a  water  supply  for  that  town  from  the  same 

examinations  made  by  the  Board  lead  it  to  conclade  that  the  water 
pond  is  of  suitable  quality  for  all  the  purposes  of  a  public  water 
,  although  it  would  be  advisable  to  take  first  the  water  of  certain 
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springs  at  the  southerl;  end  of  the  pond  to  the  extent  of  their  capacity  o 
acooant  of  the  better  quality  of  the  wat«r,  and  to  supplement  the  snppl 
from  these  springs  with  water  taken  from  the  pond.  The  pond  will  famie 
a  sufflcibnt  quantity  of  water  to  meet  the  requirements  of  both  commnn 
ties,  and  from  its  sitnation  with  relation  to  the  sources  which  at  presei 
supply  Leicester  with  water  by  gravity  and  to  the  town  of  Paxton,  & 
Board  r^ards  it  as  an  appropriate  source  of  water  supply  for  both  placet 

Leominster.  An  application  was  received  June  6,  1895,  froi 
the  water  committee  of  Leominster,  for  the  advice  of  the  Boar 
relative  to  an  additional  water  supply  to  be  obtained  by  construd 
ing  reservoirs  upon  Fall  Brook  in  that  town.  The  Board  replied  t 
this  application  as  follows :  — 

BotTOs,  Ang.  12,  lit9a. 

The  State  Board  of  Health  received  from  you  on  June  6,  1895,  a 
application  relative  to  a  proposed  increase  in  the  system  of  water  supply  c 
the  town  of  Leominster,  and  subsequently  (July  10)  received  from  yon 
engineer  blue-print  copies  of  your  proposed  plans,  showing  locations  fc 
three  ston^e  reservoirs  on  Fall  Brook  in  the  south-westerly  part  of  tb 
town. 

The  Board  has  caused  an  examination  of  the  proposed  source  of  suppl 
to  be  made  by  one  of  its  engineers,  and  has  also  caused  the  water  of  Fa 
Brook  to  be  analyzed.  The  analyses  show  that  the  water  has  but  littj 
color,  is  soft,  and  is  in  other  respects  a  surface  water  of  good  quality. 

By  constructing  the  lower  reservoir  on  Fall  Brook,  as  indicated  on  the  pla 
submitted,  the  capacity  of  all  works  supplying  the  town  will  be  increase 
to  about  2,000,000  gallons  per  day  in  a  very  dry  season,  and  possibl 
somewhat  more,  depending  upon  the  amount  of  water  lost  by  leakage.  ] 
all  three  reservoirs  indicated  on  the  plan  should  be  constructed,  the  capa< 
ity  of  the  works  would  not  be  further  increased  by  more  than  aboi 
100,000  gallons  per  day,  an  amount  which  would  meet  the  increasin 
needs  of  the  town  for  only  a  short  time  after  the  consumption  of  wate 
reaches  the  capacity  of  the  original  works  and  proposed  lower  reservoh 
No  estimates  of  cost  have  been  submitted,  but  it  seems  probable  the 
estimates  will  show  that  the  cost  of  constructing  these  reservoirs,  or  eithe 
of  them,  will  be  found  too  great  in  proportion  to  the  increase  in  supply  t 
be  obtained  thereby  to  warrant  the  expense. 

The  proposed  lower  reservoir,  according  to  the  plan,  will  cover  an  are 
of  82J  acres,  a  portion  of  which,  amounting  to  14.8  acres,  consists  a 
swamp  and  meadow  land,  the  soil  of  which  is  mud  or  peat,  extending  i 
several  places  to  a  depth  of  more  than  8  feet.  Samples  of  soil  collecte 
from  four  test  pita  at  different  depths  from  6  inches  to  3  feet  beneath  tii 
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irface  in  the  swamp  and  meadow  area  indicate  that  the  material  of  this 
rea  is  coropoaed  very  lat^ely  of  oi^anic  matt«r. 

It  Is  imderstood  that  it  is  proposed  to  prepare  the  reservoir  thorough]; 
)r  the  storage  of  water  by  removing  all  the  soil  and  vegetable  matter  from 
le  area  to  be  flowed,  excepting  from  the  swampy  portione,  aad  that  these 
Drtions  are  to  be  covered  with  sand  or  gravel,  or  other  suitable  material 
x>m  the  sides  of  the  reservoir. 

The  experience  in  this  State  where  reservoirs  have  been  thoroughly  pre- 
ared  for  the  storage  of  water  by  the  removal  of  all  of  the  soil  and  vege  ■ 
ible  matter  from  the  bottom  and  sides  has  been  an  extremely  satiBfaotory 
Qe,  and  this  method  should  be  followed  in  the  construction  of  the  pro- 
i>sed  reservoir  wherever  the  depth  of  soil  and  vegetable  matter  is  not  so 
reat  as  to  render  it  very  expensive.  In  the  swampy  portions  of  the  reaer- 
Dir,  where  the  depth  of  peaty  and  vegetable  matter  is  so  great  as  to  render 
.  impracticable  to  remove  it  all  on  account  of  the  great  cost  of  the  work, 
lat  portion  of  the  peat  around  the  edges  of  the  mass  where  it  is  less  tbao 
>ro  feet  deep  should  be  removed,  and  all  of  the  trees,  bashes  and  stumps 
-om  the  other  portions,  and  the  remaining  swampy  material  covered  with 
md,  gravel  or  other  suitable  material,  free  from  oi^anio  matter.  The 
jvering  should  be  sufficient  to  prevent  the  contact  of  the  water  with  the 
LUd,  peat  or  other  organic  material,  and  a  depth  of  one  foot  will  probably 
e  Bofficient  in  all  ordinary  cases.  The  covering  should  be  extended 
eyond  the  edges  of  the  peaty  material  so  as  to  cover  them  liberally. 

While  DO  reeervoir  in  the  State  has  been  prepared  in  exactly  this  manner, 
.  seems  altogether  probable  that  the  quality  of  the  water  in  the  reservoir, 
'  treated  in  this  manner,  will  be  satisfactory. 

Investigations  of  the  present  sources  of  supply  of  Leomioater  show 
lat  the  yield,  while  somewhat  indefinite,  owing  to  leakage  from  Uorse 
leservoir,  is  probably  between  650,000  and  900,000  gallons  per  day  in  a 
ery  dry  season,  on  amount  sufficient  to  supply  between  90  and  100  gallons 
er  day  to  each  inhabitant.  From  investigations  made  by  your  engineer  it 
ppeara  tbat  the  amount  of  water  actually  used  in  the  town  in  a  summer 
lonth  when  observations  were  made  exceeded  an  average  of  180  gallons 
er  inhabitant  per  day.  This  is  an  excessive  cousamptjon,  as  in  all  the 
ties  and  towns  of  the  State  where  recordB  of  the  quantity  of  water  cou- 
imed  are  kept,  excepting  the  city  of  Boston,  the  amount  used  in  the  year 
S93  averaged  less  than  100  gallons  per  inhabitant,  and  in  many  towns  of 
bout  the  same  size  as  Leominster  the  consumption  per  inhabitant  was 
aly  from  40  to  60  gallons. 

The  quality  of  the  water  of  your  present  sources  of  supply,  with  the 
Eception  of  Haynes  Resen'oir,  as  shown  by  examinations  of  the  Board  in 
lis  and  previous  years,  is  excellent.  The  water  of  Haynes  Reservoir  has 
een  of  bad  quality  in  the  summer  in  every  year  in  which  it  has  been  ex- 
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amined  by  the  Board.  It  is  understood  that  a  portion  of  the  area  covered 
by  tbe  reservoir  was  originally  swamp  and  meadow  land,  and  after  an 
additional  supply  has  been  introduced  an  investigation  of  Haynes  Reservoir 
should  be  made  to  determine  whether  the  qnality  of  tbe  water  cannot  be 
improved  at  reasonable  cost;  otherwise,  it  is  desirable  that  tbe  use  of  the 
reservoir  be  avoided  except  at  such  seasons,  if  any  occur,  when  tbe  quality 
of  the  water  is  not  objectionable. 

LowEU-.  The  water  board  of  Lowell  applied  to  the  Board  Nov. 
30,  1894,  for  its  advice  relative  to  the  question  of  extending  their 
driven-well  system  in  the  valley  of  River  Meadow  Brook  in  the 
town  of  Chelmsford.  The  Board  replied  to  this  application  as  fol- 
lows :  — • 

Boston,  Uaj  !,  1899. 

It  is  learned  from  your  annual  report  for  1894  that  the  average  con- 
sumption of  water  during  that  year  was  6,568,170  gallons  per  day,  of 
which  4,272,617  gallons  were  pumped  from  tbe  Merrimac  River  and  the 
filter-galleiy  and  filter>bed  beside  it,  and  2,295,553  gallons  from  the  origi- 
nal driven-well  plant,  which  was  first  need  in  September,  1893. 

It  is  underetood  that  the  first  driven-well  plant  was  put  in  by  you  in 
order  to  aubstilnte  a  pure  water  for  the  river  water,  and  not  because  of  any 
deficiency  in  the  quantity  of  water  to  be  obtained  by  the  existing  works 
from  the  river;  and,  as  yon  are  probably  aware,  the  State  Board  of  Health 
regards  the  river  water,  when  not  purified  by  filtration,  as  a  dangerous 
water  to  drink. 

As  the  first  driven-well  plant  furnished  a  substituto  for  only  a  portion 
of  the  water  formerly  taken  from  the  river,  the  new  plant  in  the  town  of 
Chelmsford  is  now  being  constructed  in  order  to  obtain  a  substitute  for  a 
part  or  tbe  whole  of  tbe  water  which  still  has  to  be  taken  directly  from  the 
river. 

Many  analyses  have  been  made  from  time  to  time  of  samples  of  water 
collected  from  the  first  driven-well  plant,  and,  while  there  has  been  a  slight 
deterioration  during  the  past  year,  the  water  is  of  very  good  quality. 

The  new  plant  in  the  town  of  Chelmsford  at  the  present  time  consists  of 
a  lai^e  number  of  wells  driven  on  both  sides  of  a  long  suction  pipe,  a  short 
distance  from  and  parallel  with  the  old  Middlesex  Canal. 

Six  samples  of  water  from  these  wells  have  been  analyzed  by  tbe  State 
Board  of  Health,  five  being  collected  under  the  direction  of  your  city 
engineer  and  one  by  an  engineer  of  the  State  Board  of  Health. 

The  first  sample,  collected  on  Jan.  24,  1805,  was  in  every  respect  an 
excellent  water.  The  second  and  third  samples,  collected  respectively  on 
March  4  and  20,  had,  after  standing,  considerable  color  for  a  ground  water, 
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mtained  more  iron  than  is  desirable  in  &  water  to  be  osed  for  a  public 
supply,  but  in  other  respects  were  of  good  quality.  It  ia  understood 
hese  samples  were  collected  from  the  southerly  half  of  the  line  of 
The  fourth  sample,  collected  on  April  3,  from  the  northerly  section 
Is,  was  colorless,  contained  only  an  insignificant  amount  of  ux>n,  and 
F  excellent  quality.  The  fifth  sample,  collected  April  6,  from  a  pump 
ig  water  from  63  wells  in  the  northerly  and  southerly  sections,  when 
ills  in  the  southerly  section  were  shut  off,  had  a  scarcely  perceptible 

contained  a  small  amount  of  oi^anic  matter  but  more  than  any 
us  sample,  and  three  times  as  much  iron  as  the  fourth  sample  but 
bout  one-fourth  as  much  as  the  second  and  third  samples.  The  sixth 
e,  collected  April  12,  from  the  same  pump,  was  of  the  same  general 
!ter  as  the  fifth  sample. 

:  last  two  samples  represent  a  larger  number  of  wells  than  the  others, 
le  water  which  they  supply  is  of  very  good  quality  at  the  present  time, 
bether  it  will  remain  so  when  water  is  pumped  continuously  for  a  long 
annot  be  foretold  with  certainty  with  the  present  information. 
>erience  with  the  ground-water  supplies  in  the  State  shows  that  in 
cases  the  quantity  of  iron  has  increased  and  the  waters  have  deterio- 
in  other  respects  with  long-continued  pumping,  until  it  has  become 
lary  to  provide  a  new  supply.  In  other  cases  the  waters  have  remained 
ngod  after  as  many  as  twenty  years  of  continuous  pumping,  but  there 
case  which  has  come  to  the  attention  of  the  Board  in  which  long- 
ued  pumping  has  improved  the  quality  of  the  water, 
h  the  old  and  the  new  driven  wells  will  derive  a  part  of  their  supply 
I  filtration  of  water  from  Biver  Meadow  Brook,  upon  which  the  main 
i  of  Chelmsford  is  situated ;  and,  while  the  water  filtering  from  the 

in  this  way  may  become  partially  or  wholly  purified  by  its  passage 
;h  the  ground,  the  water  of  the  brook  should  not  be  polluted  by  tum- 
w^e  into  it. 

I  quantity  of  water  drawn  from  the  first  driren-well  plant  during  the 
894  was  35  per  cent,  of  the  total  quantity  supplied  to  the  city,  and 
;  the  latter  part  of  the  dry  portion  of  the  year  was  a  smaller  per- 

ging  from  the  quantities  of  water  which  have  been  pumped  from  the 
id  new  systems  of  wells,  and  a  careful  study  of  all  the  conditions 
ng  the  quantity  of  water  to  be  obtained  from  them,  the  Board  thinks 
robable  that  they  will  furnish  more  than  half  enonga  ground  water 
drier  portions  of  a  dry  year  to  meet  the  requirements  of  the  city  of 
I;  and  the  Board,  therefore,  urges  you  to  proceed  forthwith  either  to 
the  water  taken  from  the  river  or  to  obtain  a  further  supply  of  pure 
from  some  adequate  source. 
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Montague  (Miller's  Falls).  The  water  su 
Miller's  Falls  applied  to  the  Board  Jan.  22,  1; 
relative  to  the  introductioa  of  a  public  water  8U] 
of  Miller's  Falls  and  the  settlement  known  as 
extending  the  pipes  of  the  Turner's  Falls  water  t 
replied  to  the  application  aa  follows :  — 


Analyses  of  the  water  of  this  lake  (Lake  Pieasaot 
intervals  for  several  years  by  the  State  Board  of  Het 
it  is  very  soft  and  of  excellent  quality  for  water-si 
with  due  care  to  protect  it  from  pollution  from  the 
ground,  it  should  remain  of  good  quality. 

It  ie  not  practicable  at  this  season  of  the  year,  with 
snow  upon  the  gronnd,  to  determine  how  much  water  i 
From  such  information  as  could  be  obtained,  howeve 
topographical  map  of  the  $tat«,  it  seems  probable  t 
sufficient  quantity  of  water  for  the  village  now  supi 
which  it  is  proposed  to  supply  from  it. 

In  view  of  all  the  circumstances,  the  Board  is  of 
proposed  source  of  supply  is  an  appropriate  one  for  tl 
Falls  and  Lake  Pleasant. 

Montague  (Village)  ,  An  application  was  re< 
from  W,  H.  Kims  and  others  of  Montague,  requi 
the  Board  relative  to  taking  the  water  of  certain 
eighth  of  a  mile  south  of  the  village  as  a  sout 
supply  for  the  village  of  Mont^ue.  The  Bo 
application  aa  follows :  — 

It  is  understood  that  the  water  from  the  springs  is 
small  basin  and  well  and  pumped  to  an  open  distribut 

The  Board  has  caused  an  examination  of  the  soui 
as  was  feasible  at  this  season  of  the  year,  and  an 
of  water  collected  from  a  brook  flowing  from  tht 
the  water  to  be  soft  and  in  other  respects  of  exc< 
purposes  of  a  public  water  supply.  If  exposed  to  tl 
voire  the  water  is  likely  to  be  less  satisfactory  to  the  t 
directly  from  the  springs  to  tJie  consumer,  or  stored  in 
the  light  is  excluded. 

The  information  in  the  possession  of  the  Board  it 
plete  to  enable  it  to  predict  whether  this  source  wi 
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Qtit;  of  water  for  the  village  in  a  very  dry  season,  bat  the  indications 
that  it  wUI  do  so. 

'axton.  An  application  was  received  from  the  selectmen  of 
±on  Jan.  29,  1895,  for  the  advice  of  the  Board  relative  to  taking 
wat«r  of  Asnebumskit  Pond  as  a  public  water  supply  for  the 
n.     The  Board  replied  to  this  application  as  follows  :  — 

BoBTON,  Feb.  IS,  1396. 
'he  State  Board  of  Health  received  from  you  on  .Jon.  29,  1895,  an  ap- 
ation  relative  to  taking  a  water  supply  for  the  town  of  Paxton  from 
lebumskit  Pond,  wbicli  is  within  the  limits  of  the  town,  and  on  the  same 
received  an  application  from  the  wat«r  commissioners  of  the  Leicester 
er  supply  district  relative  to  taking  an  additional  water  supply  for 
tester  from  the  same  source. 

'he  examinations  made  by  the  Board  lead  it  to  conclude  that  the  water 
this  pond  is  of  suitable  qnality  for  all  the  purposes  of  a  public  water 
ply,  although  it  would  be  advisable  to  take  first  the  water  of  certain 
nge  at  the  southerly  end  of  the  pond  to  the  extent  of  their  capacity  on 
sunt  of  the  better  quality  of  the  water,  aud  to  supplement  the  supply 
n  thea^  springs  with  water  taken  from  the  pond. 

The  pond  will  furnish  a  sufficient  quantity  of  water  to  meet  the  require- 
its  of  both  communities,  and,  from  its  situation  with  relaliou  to  the 
n  of  Paxton  and  to  the  sources  which  at  present  snpply  Leicester  with 
er  by  gravity,  the  Board  regards  it  as  an  appropriate  source  of  water 
ply  for  both  places. 

Pepperell.  An  application  waa  received  Oct,  10,  1894,  from 
water  committee  of  the  town  of  Pepperell,  for  the  advice  of  the 
ird  relative  to  the  propriety  of  taking  water  for  a  public  water 
iply  from  any  source  within  the  limits  of  Pepperell  or  from 
cky  Pond  in  HoUis,  N.  H.  The  Board  replied  to  this  application 
follows :  — 

BoiTON,  Dec.  7,  IS&5. 
["he  State  Board  of  Health  received  from  you  on  Oct.  8,  189i,  an  ap- 
:ation  with  reference  to  a  proposed  water  supply  for  the  town  of  Pep- 
ell,  stating  that  pennissiou  would  be  asked  of  the  Legislature  to  take 
«r  from  any  source  within  the  limits  of  the  town,  and  possibly  from 
;ky  Pond  in  Hollis,  N.  H.,  if  it  should  be  high  enough  to  furnish  a 
ply  by  gravity.  Subsequently  a  plan  was  submitted,  indicating  as  the 
posed  source  of  supply  a  well  near  the  NisaiUssit  River  and  just  above 
mouth  of  Sucker  Brook  in  Pepperell. 
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A  copy  of  a  report  by  your  engineer,  p 
town,  was  submitted  Feb.  8,  1895,  propoi 
lecting  well  to  be  loGat«d  near  the  junctj 
Sucker  Brook,  where  it  is  thought  that  a 
would  be  obtained  from  natural  filtratioi 
river.  A  plan,  which  is  understood  to  h 
your  engineer,  was  furnished  by  you  in  Mi 
collecting  well  near  the  NissitisBit  River,  ] 
Brook,  and  a  pumping  station  near  the  bn 
and  approximately  900  feet  from  the  rivi 
report  of  your  engineer,  that,  when  requi 
well  can  be  built  farther  up  the  brook  i 
water  carried  by  gravity  to  the  proposed 
about  7,500  feet;  and  it  ia  suggested  that 
to  the  Sartelle  well  would  be  laid  a  consid 
would  DO  doubt  be  encountered,  and  that 
in  a  tile  pipe  laid  with  open  joints  to  the 
suggested  that  an  additional  supply  might 
Gulf  Brook,  above  Smith  &  Willoughb 
pumping  station  by  gravity  through  a  pipe 

The  Board  has  caused  a  careful  examini 
to  be  made  by  one  of  its  engineers,  and 
spring  and  a  test  well  in  the  vicinity  of  th< 
The  water  of  these  samples  was  found  to 
hardness,  which  would  render  it  unsatisfai 
a  public  water  supply.  No  opportunity  y 
of  water  from  the  ground  near  tbe  mouth 
of  Gulf  Brook. 

With  regard  to  the  quantity  of  water  to 
the  vicinity  of  the  mouth  of  Sucker  Bro 
posed,  it  is  not  feasible  to  make  a  deSni 
to  have  been  made  here  to  indicate  the  cl 
from  the  topography  and  the  surface  int 
be  very  unfavorable  to  the  existence  of  ; 
face  here  of  sufficient  depth  and  extent 
supply  of  the  town. 

The  results  of  investigations  made  by 
in  the  vicinity  of  Sartelle  meadow  in  the  ^ 
of  test  wells,  indicate  that  porous  mater 
here,  from  which  water  can  be  freely  pun 
being  in  places  less  than  20  feet  and  n 
extent  of  the  area  of  porous  material  has 

Farther  down  the  brook,  between  the 
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t,  in  the  r^on  through  which  the  pipe  from  the  proposed  well  in  the 
lie  meadow  to  the  pumpiog  Btatiou  would  be  laid,  test  wells  indicate 
^he  material  ia  a  fine  sand,  from  which  it  cannot  be  expected  that  any 
lai^e  quantity  of  water  can  be  collected  by  means  of  pipes  laid  with 
joints,  as  proposed. 

e  investigationB  have  not  been  sufficient  to  enable  the  Board  to  advise 
lefinitely  as  to  the  probable  quantity  of  water  to  be  obtained  from  the 
>Bed  works  in  the  valley  of  Sucker  Brook,  but  with  present  infonna- 
^e  indications  are  that  the  quantity  of  water  which  these  works  would 
9h  would  not  be  sufficient  for  the  supply  of  the  town  in  the  drier 
■>n  of  a  dry  year,  after  water  is  generally  introduced,  and  an  extea- 
[>f  the  collecting  system  would  be  necessary. 

e  investigations  in  the  valley  of  Gulf  Brook  have  not  been  sufScient 
dicate  definitely  the  character  of  the  soil;  but,  Judging  from  the 
matioQ  at  present  available,  enough  water  might  be  obtained  there  to 
sh,  in  connection  with  the  proposed  works  in  the  valley  of  Sucker 
k,  a  Bulficient  supply  of  water  for  the  town,  though  an  extensive 
:ting  system  might  be  found  necessary. 

e  situation  of  Rocky  Fond  in  Hollis,  K.  H.,  beyond  the  limits  of 
achnsettB,  must  be  regarded  as  a  serious  disadvantage  to  its  use  as  a 
e  of  water  supply  for  Feppereil.  An  analysis  of  a  sample  of  water 
Btes  that  it  is  a  water  of  good  quality,  and  very  soft.  The  area  of 
rater-shed  is  not  definitely  known,  but  from  present  information  it 
not  seem  probable  tliat  the  quantity  of  water  which  this  source  is 
)te  of  furnishing  would  i>e  sutlicient  to  meet  the  needs  of  the  town 
the  water  shall  have  come  into  general  use. 

om  a  general  examination  of  other  sources  in  the  vicinity  of  the  town, 
found  that  the  surface  indications  in  the  valley  of  Unqueteuassett 
k  appear  to  be  favorable  to  the  absorption  by  the  ground  of  a  large 
on  of  the  water  falling  upon  its  surface;  and,  before  deciding  defi- 
j  upon  a  source  of  supply,  the  Boaix]  would  advise  that  you  cause  an 
itigation  of  the  ground  in  the  valley  of  this  brook  to  be  made,  to 
-mine  whether  an  adequate  supply  of  soft  water  and  of  good  quality 
her  respects  can  be  obtained  from  the  ground  here,  and  the  probable 
of  works  as  compared  with  those  proposed  for  taking  wat«r  from  the 
ya  of  Sucker  and  Gulf  brooks. 

le  Board  will,  upon  application,  advise  you  further  with  regard  to  this 
it  when  you  have  additional  information  to  present. 

:ttsfield  (the  Onota  Water  Company) .  The  Onota  Water  Com- 
'in  Pittsfield  applied  to  the  Board  March  29,  1895,  for  itsadrice 
ive  to  the  introduction  of  water  for  domestic  purposes  for  that 
of  Pittsfield  near  West  Street,  the  proposed  supply  to  be  taken 
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Tliird.  —  Whether  the  State  Board  has  au;  recommendations  to  m&ke 

I  abandoning  the  present  supply  and  seeking  a  new  source. 

Fourth,  —  Whether,  till  things  considered,  the  treatment  in  the  method 

osed  is  not  the  best  thing  that  the  town  of  Reading  can  do." 

bout  one  month  later  the  Board  received  from  the  committee  on  water 

'ly  of  the  town  of  Heading  a  communication  requesting  the  Boikrd  to 

line  the  t«n'itory  around  tlie  source  of  the  Mystic  River,  with  a  view 

supply  for  Reading  from  that  source,  and  to  examine  Silver  Lake  in 

aingtoD  for  the  same  purpose. 

lis  application  received  the  attention  of  the  experts  of  the  Board  soon 

■  it  was  submitted,  but,  owing  to  the  nature  of  the  advice  asked  foi-,  it 

necessary  to  determine  the  probable  effect  of  the  proposed  treatment 

le  water  at  times  when  the  meadow  in  which  the  filter-gallery  is  situ- 

is  covered  with  water,  which  did  not  occur  until  about  the  20th  of 
ber. 

very  large  number  of  examinations  of  the  water  of  the  filter-gallery 
been  made  during  these  investigations  and  previously,  and  from 
i  results  it  appears  that  tbe  objectionable  character  of  the  Reading 
r  is  due  chiefly  to  tbe  presence  at  nearly  all  times  of  an  excessive 
ant   of  iron,  in  connection  with  other  mineral  and  organic  matter. 

amount  of  iron  found  in  the  water  varies  greatly  at  different  times, 
g  very  large  in  the  portion  of  the  year  when  the  meadow  is  covered 

water  and  much  smaller  during  the  summer  when  the  meadow  is  dry. 
IS  also  been  observed  that  the  quantity  of  iron  present  in  tbe  water  may 

greatly  in  the  course  of  a  single  day's  pumping. 
I  contrast  with  other  waters  in  which  a  sulficieut  amount  of  iron  has 
.  found  to  affect  tbe  appearance  and  quality  of  the  water,  it  has  been 
d  that  the  iron  in  the  Reading  water  is  present  as  a  sulphate  instead  of 
g  in  the  form  of  bicarbonate.  When  iron  is  present  as  a  sulphate  its 
)val  from  water  is  very  much  more  ditttcult  than  when  it  is  present  as  a 
rbonate. 

any  experiments  have  been  made  at  different  times,  with  a  view  to  a 
>val  of  the  iron  by  oxidation  and  subsequent  filtration  of  tbe  water 
igh  sand  to  remove  the  precipitated  iron  oxide.  The  results  obtained 
lis  means  have  been  very  variable.  But  in  general  it  may  be  said  that 
1  the  iron  is  present  in  the  water  in  small  amount,  say  not  over  0.3  of 
,rt  per  100,000,  tbe  iron  will  separate  out  of  tbe  water  almost  com- 
ply on  exposure  to  the  air  for  twenty-four  to  tbirty-six  hours,  in  tbe 
I  of  a  rusty  precipitate  which  can  be  removed  entirely  by  filtradon 
igh  sand  at  a  rapid  rate.  This  method  is  substantially  that  proposed 
(r.  Desmond  FitzGerald  in  his  report  to  your  board.  Forced  aeration 
Itering  through  saud  with  a  current  of  air  was  found  in  almost  all  cases 
Lsten  the  oxidation  and  separation  of  tbe  iron  oxide. 
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water  after  filtratioB  through  carbonate  of  lime,  without  previous  aeration 
and  filtration  through  eand,  is  likely  to  be  at  least  25  parts  per  100,000. 

While  the  hardness  of  the  water,  if  treated  chemically,  by  filtration  through 
carbonate  of  lime  as  suggested,  would  be  very  little  or  no  greater  than  that 
of  waters  supplied  to  some  of  the  towns  in  the  vicinity  of  Boston,  the 
Board  does  not  recommend  the  use  of  so  hard  a  water  for  a  permanent  sup- 
ply. 

Since  the  higher  amounts  of  iron  and  organic  matter  are  found  when  the 
meadow  is  flooded,  it  would  seem  that  the  quality  of  water  in  these  respects 
might  be  greatly  improved  and  the  water  rendered  more  susceptible  of 
further  improvement  by  filtration  or  other  treatment,  it  this  flooding  were 
prevented. 

The  artificial  flooding  could  be  prevented  by  keeping  the  gates  at  the 
dam  open,  but  tiiis  might  not  prevent  the  flooding  of  the  meadow  during 
periods  of  very  high  flow  in  the  stream ;  but  this  flooding  would  be  of  short 
duration,  and  would  not  affect  the  quality  of  the  water  nearly  as  much  as 
the  present  flooding,  which  lasts  for  many  months.  The  flooding  could  be 
wholly  prevented  by  building  dikes. 

Examinations  of  the  ground  in  the  vicinity  of  the  Ipswich  River,  between 
one  and  two  miles  above  your  present  works,  by  means  of  test  wells  driven 
by  your  Board,  were  favorable  in  respect  to  quantity ;  but  the  water  of  the 
wells  was  found  on  analysis  to  contain  so  much  iron  that  its  quality  would  be 
likely  to  be  unfavorably  affected  from  this  cause,  if  a  supply  should  be  taken 
from  the  ground  in  this  locality.  A  similar  examination  in  the  water-shed 
of  Lake  Quannapowitt,  south-east  of  the  village  and  near  the  Wakefield 
boundary,  gave  similar  unfavorable  indications  as  to  the  quality  of  the 
ground  water  to  be  obtained  in  that  region. 

A  sample  of  water  collected  from  a  tubular  well  located  in  the  area  known 
as  the  Bancroft  meadow  was  found  on  analysis  to  be  of  excellent  quality ; 
but  the  area  from  which  water  drains  toward  this  meadow  is  so  small  that 
it  is  improbable  that  any  tai^e  supply  of  water  could  be  drawn  coutiuuously 
from  this  soui'ce. 

Other  territory  within  the  limits  of  the  town  woe  examined,  but  at  no  place 
were  the  surface  indications  sufficiently  favorable  to  afford  a  reasonable  ex- 
pectation that  a  supply  of  water  of  satisfactory  quality  and  in  sufflcieat 
quantity  for  the  supply  of  Reading  could  be  obtained. 

The  right  to  a  supply  from  Martin's  Pond  has  already  been  granted  to 
the  city  of  Maiden,  and  the  Board  has  already  stated,  in  a  reply  to  that 
city  (annual  report  for  1892,  page  28),  that  it  does  not  consider  it  feasible 
to  obtain  a  satisfactory  supply  directly  from  this  pood.  Investigations 
made  recently  by  that  city  with  a  view  to  taking  a  supply  from  the  ground 
in  the  vicinity  of  this  pond  have  been  unfavorable,  and  at  the  present  time 
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it  does  Dot  aeem  probable  that  Maiden  will   baQd  works  for  taking  its 
sDpply  from  this  source. 

A  BQppljr  from  the  head-waters  of  the  Mystic  River  would  have  to  be 
taken  above  the  chemical  works  near  Soutli  Wilmington,  in  order  to  avoid 
danger  of  pollution  from  those  works.  The  water-shed  here  is  too  email  to 
fumisb  a  sufflcient  supply  without  storage,  and  there  appears  to  be  no 
good  site  for  a  etorage  reservoir  of  siifBcient  size ;  moreover,  this  territory 
is  within  the  Mystic  water-ehed,  which  ia  inadequate  for  the  supply  of  the 
cities  DOW  supplied  from  it. 

No  investigations  of  the  ground  at  this  place  have  been  made,  but, 
owing  to  the  small  size  of  the  water-shed,  the  conditions  beneath  the 
surface  would  need  to  be  exceptionally  favorable  to  obtain  any  considerable 
amount  of  ground  water  from  this  source. 

Silver  Lake,  in  Wilmington,  has  an  area  of  about  32  acres  and  a  very 
email  superficial  water-shed.  It  may,  however,  yield  more  water  than  is 
indicated  by  the  size  ot  its  water-shed,  because  it  is  surrounded  by  exten- 
sive areas  of  sandy  soil. 

Judging  from  the  surface  indications  and  from  the  character  of  the 
material  obtained  from  two  test  wells  driven  in  the  vicinity,  it  is  not  im- 
probable that  investigations  would  show  that  enough  good  water  might  be 
obtained  from  the  lake  or  from  the  ground  in  the  vicinity  of  the  lake  or  of 
Lnbber  Brook,  which  flows  very  near  it,  to  supply  Readiug  and  Wilming- 
ton; but  the  amount  and  quality  of  the  water  can  only  be  determined  with 
certainty  after  the  ground  has  been  thoroughly  tested  and  samples  of  the 
water  examined. 

As  you  are  aware,  the  State  Board  of  Health  has  recently  submitted  to 
the  Legislature  a  report  upon  a  general  system  of  water  supply  for  the 
metropolitan  district  about  Boston ;  and,  while  Reading  is  situated  outside 
ot  the  ten-mile  limit  referred  to  in  the  act  under  which  this  report  was 
made,  there  seems  to  be  no  reason  why  it  may  not  be  included  among  the 
places  to  which  this  supply  is  to  be  furnished. 

No  data  are  at  hand  upon  which  to  base  a  definite  estimate  of  the  proba- 
ble cost  of  works  for  the  supply  of  Readiug  from  Silver  Lake ;  but  the 
yearly  coat  of  obtaining  a  supply  from  this  source  would  probably  exceed 
considerably  the  cost  of  a  supply  as  a  part  of  the  metropolitan  water 
district. 

With  its  present  information,  the  Board  advises  the  town  of  Reading  to 
take  measures  to  obtain  its  future  supply  as  a  part  of  the  metropolitau 
water  district,  and  to  abandon  its  present  souree  when  the  new  supply 
becomes  available.  In  the  mean  time,  provision  should  be  mode  to  im- 
prove the  present  supply  by  preventing  the  Qooding  of  the  meadow  over  the 
filter-gallery,  and  it  may  be  advisable  to  adopt,  temporarily,  some  system 
for  filtering  the  water  rapidly  through  sand. 
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RrxLAND.  The  committee  oh  water  supply  of  the  towo  of  Rut- 
land applied  to  the  Board  Dec.  34,  1894,  for  ita  advice  relative  to 
taking  the  water  of  Lake  Huschopauge  in  that  town  as  a  source  of 
water  supply  for  the  town.  The  Board  replied  to  this  api>lication 
as  follows :  — 

BoiTOH,  Feb.  33,  ISW. 

The  examinations  made  by  the  Board  lead  it  to  couclade  that  this  pond 
will  furnish  a  sufficient  quantity  of  water  of  suitable  quality  for  all  the 
purposes  of  a  public  water  supply,  and  that  it  is,  therefore,  an  appropriate 
source  of  supply  for  the  town. 

Sheffield.  H.  S.  Andrews  and  others  of  Sbe£Seld  applied  to 
the  Board  Xov.  20,  1894,  for  its  advice  relative  to  taking  the  water 
of  certain  springs  in  that  town,  about  two  and  one-half  miles  north- 
east of  the  village,  as  a  public  water  supply  for  Sheffield.  The 
Board  replied  as  follows  :  — 

Bmton,  Feb.  23,  1809. 

It  is  uuderstood  that  it  is  proposed  to  tDtercept  the  flow  from  springs, 
and  to  store  the  water  in  small  reservoirs  from  which  it  will  flow  by  gravity 
to  the  portions  of  the  town  to  be  supplied. 

The  samples  of  water  collected  from  the  springs  early  in  January,  1895, 
have  been  found  by  analysis  to  be  very  soft,  and  of  excellent  quality  for 
the  purposes  of  a  public  water  supply.  If  exposed  to  the  light  in  open 
reservoirs  the  water  is  likely  to  be  less  satisfactory  to  the  taste  than  if 
conveyed  directly  from  the  springs  to  the  consumer,  or  stored  in  reservoirs 
from  which  the  light  is  excluded. 

With  regard  to  the  quantity  of  water,  it  is  not  feasible  to  tell  with  cer- 
tainty from  the  present  iaformation  whether  or  not  a  sufficient  supply  can 
be  obtained  from  the  springs,  but  the  prospects  are  favorable ;  and,  if  the 
supply  should  prove  insufGcicnt  during  a  portion  of  the  year,  it  appears 
probable  that  it  might  be  supplemented  from  a  small  brook  which  flows 
near  the  springs,  by  constructing  a  stori^e  reservoir  upon  it  above  them. 

The  Board  regards  this  source  as  an  appropriate  one  from  which  to  take 
a  supply  of  water  for  the  town. 

Shirlet.  An  application  was  received  Nov,  5,  1895,  from  the 
selectmen  and  committee  on  water  supply  of  the  town  of  Shirley, 
for  the  advice  of  the  Board  relative  to  taking  water  from  Leather- 
board  Pond  in  that  town  as  a  public  water  supply.  The  Board 
replied  to  this  application  as  follows  :  — 
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Bmtoh,  Dec  B,  1S9E. 

The  quantity  of  water  which  the  proposed  soarce  is  capable  of  furnish- 
ing is  ample  for  the  use  of  the  inhKbitanta  of  the  town  of  Shirley.  With 
regard  to  quality,  however,  the  water  of  this  source  would  be  very  unsatis- 
factory, owing  to  its  high  color  and  unpleasant  odor,  as  indicated  by  a 
sample  collected  Nov.  13,  189d,  due  to  its  contact  with  vegetable  matter 
in  the  large  swampy  area  within  the  wat«r-shed  of  Bow  Brook  above  the 
point  where  it  enters  the  pond.  Tbe  character  of  the  pond  itself,  moreover, 
is  Dot  such  as  to  influence  favorably  the  quality  of  the  water,  as  it  is  very 
shallow,  and  the  bottom  appears  to  be  covered  in  places  with  mud  and 
v^etable  matter.  The  quality  of  the  water  may  also  be  greatly  influenced 
at  times  by  the  condition  of  the  water  in  Fort  Pond,  situated  near  the  upper 
end  of  the  water-shed  of  the  brook.  This  pond  is  used  as  a  storage  res- 
ervoir, and  its  water  is  drawn  off  during  the  drier  portion  of  the  year 
throngh  Leatherboard  Pond,  te  assist  in  maintaining  the  flow  of  tbe  stream 
below.  A  sample  of  water,  collected  from  Fort  Pond  November  13,  con- 
tained a  very  lai^e  number  of  organisms,  mostly  of  a  kind  which  is  liable 
to  produce  offensive  tastes  and  odors,  and  this  water  in  its  present  condi- 
tion would  be  very  unsatisfactory  for  domestic  purposes.  It  is  not  feasible 
to  tell  whether  the  water  at  the  present  time  is  better  or  worse  than  at  other 
seasons  of  the  year,  but  it  may  be  said  that  as  a  rule  the  quality  of  the 
water  of  ponds  is  worse  in  summer. 

In  view  of  the  poor  quality  of  the  water  of  Leatherboard  Pond  and  the 
UDfavorable  character  of  its  water-abed,  the  Board  does  not  advise  its 
adoption  as  a  source  of  water  supply  for  tbe  town  of  Shirley. 

While  the  Board  is  not  fully  informed  as  to  the  feasibility  of  obtaining  a 
satisfactory  supply  from  some  other  surface  source  in  the  vicinity  of 
Shirley  Village,  it  seems  probable,  with  present  information,  that  a  ground- 
water supply  of  good  quality,  if  such  a  one  can  be  obtained,  would  be  more 
satisfactory  for  the  town  than  any  surface-water  sonrce  in  the  vicinity ;  and 
the  Board  advises  that  it  is  desirable  in  making  further  investigations  for  a 
water  snpply,  to  determine  the  feasibility  of  obtaining  a  satisfactory  supply 
in  this  way,  but  cannot  with  present  information  advise  definitely  as  to  tbe 
best  place  for  making  investigations. 

The  Board  will,  upon  application,  advise  you  further  in  this  matter  when 
you  have  the  resulte  of  farther  investigations  to  present. 

Stoughton.  An  application  was  received  ftxtm  the  Stoughton 
Water  Board  Jan.  16,  1895,  for  the  advice  of  the  Board  relative  to 
introdacing  a  supplementary  supply  of  water,  in  accordance  with 
methods  and  plans  presented  by  their  engineer.  To  this  application 
the  Board  replied  as  follows :  — 
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BonoK ,  April  4,  IS99. 

One  of  these  plaDS  provides  for  collecting  the  water  of  the  springs  which 
outflow  at  the  edge  of  the  iow  land  surrounding  Muddy  Pond,  and  is,  in  its 
i;eaeral  features,  the  plan  recommended  by  the  State  Board  of  Health  ia 
its  GommuDication  to  you  dated  Oct.  13,  1893,  a  copy  of  which  is  enclosed 
lierewitb.  The  other  plan  provides  for  taking  water  from  a  well  located 
about  1,150  feet  above  the  present  pumping  station,  on  a  point  of  land  at 
the  JQDction  of  Muddy  Brook  and  the  brook  flowing  from  Stoughton  village. 

In  choosing  between  these  two  plans,  the  most  important  features  are, 
obviously,  tlie  quantity  and  quality  of  water  which  they  will  furnish. 

With  regard  to  the  quantity  of  water  which  the  first  plan  will  furnish,  it 
may  be  said  that  the  communication  above  referred  to  stated  that  the  total 
flow  of  the  epringB,  as  represeuted  by  the  outflow  from  Muddy  Pond  on 
April  26,  1892,  was  1,410,000  gallons  per  day,  and  on  Sept.  11,  1893, 
fully  1,000,000  gallouB  per  day.  Measurements  made  under  the  direction 
of  your  eugineer  from  Sept.  24  to  Oct.  4,  1694,  show  that  the  flow  ranged 
from  435,000  to  about  900,000  gallons  per  day.  A  measurement  made  on 
March  15, 1895,  showed  that  the  amount  was  upwards  of  1,500,000  gallons 
per  day.  The  lowest  of  the  above  quantities  ia  considerably  more  than 
enough  for  the  present  population  of  the  town,  with  any  ordinary  rate  of 
consumption  of  water  per  inhabitant ;  but  it  ia  enough  smaller  than  the 
Other  measurements  to  indicate  the  possibility,  under  extreme  conditions, 
of  an  insufficient  flow  from  the  springs,  making  it  necessary  to  have  re- 
course to  some  surface-water  or  other  supplementary  source  at  such  time. 
Of  the  excellence  of  the  water  to  be  obtained  from  this  source  there  is  no 
doubt,  provided  it  is  intercepted,  as  advised  in  the  last  communication, 
before  the  water  has  been  exposed  to  the  light  or  come  in  contact  with  the 
vegetable  matter  in  the  swamp  surrounding  the  pond. 

The  teste  made  near  the  site  of  the  well  proposed  by  the  second  plan 
show  that  there  is  a  thick  layer  of  porous  gravel  underlying  the  fine  sand 
found  for  a  considerable  distance  down  from  the  surface,  and  from  the 
gravel  water  can  be  pumped  very  freely.  Judging  from  the  freedom  with 
which  the  water  can  be  pumped  from  several  of  the  test  wells,  there  seems  to 
be  no  doabt  that  when  tlie  ground  is  full  of  water  a  well  or  wells  at  this  place 
(Till  furnish  it  at  a  rate  sufficient  for  the  supply  of  the  town,  and  the  ques- 
tion of  a  supply  from  this  source  depends  mainly  upon  whether  there  will 
be  a  gradual  lowering  of  the  water  in  the  ground  during  dry  seasons,  with 
a  corresponding  diminution  in  the  amount  of  water  which  can  be  pumped 
from  the  well. 

From  all  the  information  now  available,  it  seems  probable  that  the 
springs  at  Mnddy  Pond  will  fnmleh  more  water  both  in  wet  and  In  dry 
B  than  the  proposed  well. 
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A  sample  of  irater  collected  from  one  of  the  test  wells  near  the  site  of 
the  proposed  well  was  analyzed  and  found  to  be  of  excellent  qnality,  but 
this  sample  does  not  necessarily  indicate  the  quality  of  the  water  to  be 
obtained  by  continuous  pnmping  from  the  welt.  It  does  not  seem  at  all 
probable  that  the  well  will  formeh  a  sufficient  quantity  for  the  supply  of  the 
town,  unless  the  water  in  it  is  drawn  below  the  level  of  the  adjacent  mill- 
pond,  and  a  considerable  amount  of  water  filters  from  this  millpond  and 
from  others  further  up  the  stream  coming  from  the  village  to  maintain  the 
saturation  of  the  ground  about  the  well.  The  water  filtering  in  this  manner 
might  be  thoroughly  parified  by  its  passage  through  the  ground  to  the  well ; 
but  this  is  somewhat  nncertain,  and  the  filtration  would  not  soften  the 
water  of  this  stream,  which  is  hard,  owing  to  its  pollution.  For  both  of 
these  reasons  the  water  to  be  obtained  from  the  well  must  be  regarded  as 
inferior  in  quality  to  the  unpolluted  spring  water. 

If  the  plan  for  taking  water  from  the  springs  were  to  be  adopted,  it  would 
be  advisable,  unless  an  abundant  snpply  of  water  was  developed  by  extend- 
ing the  pipe  to  the  point  indicated  by  your  engineer,  to  extend  it  still 
further,  so  as  to  intercept  the  springs  entering  the  poud  from  the  easterly 
side ;  and  throughout  the  territory  where  the  springs  outflow  it  is  desirable 
that  the  line  of  the  pipe  should  be  moved  in  toward  the  foot  of  the  high 
land,  if  by  so  doing  quicksand  and  mud  can  be  avoided,  and  the  trench 
placed  in  a  more  porous,  gravelly  material.  It  would  also  be  advisable, 
as  suggested  in  the  last  communication,  to  lay  smaller  branch  pipes  to 
intercept  the  spring  water  at  the  places  where  it  outflows  in  the  greatest 
quantity. 

In  addition  to  the  proposed  well,  the  plan  recommended  by  yonr  engineer 
provides  for  the  construction  of  a  small  reservoir  just  above  the  Southworth 
Dam,  now  owned  by  the  town,  on  Muddy  Brook,  which  would  have  some 
effect,  particularly  when  first  constructed,  upon  the  amount  of  water  to  be 
obtained  from  the  proposed  well,  and  the  reservoir  is  also  intended  as  a 
supplementary  source  from  which  to  take  water  directly  if  the  supply  from 
the  well  should  prove  insufficient.  If  the  supply  were  to  be  taken  from  the 
springs,  the  pipe  leading  from  them  would  pass  near  and  below  the  level  of 
Mnddy  Pond,  from  which  water  might  be  taken  in  a  very  dry  time  if  the 
supply  from  the  springs  should  prove  insufficient ;  or,  if  it  should  be  deemed 
necessary  to  have  a  large  quantity  of  water  in  reserve  near  the  pumping 
BtAtion,  such  &  reserve  could  be  provided  in  connection  with  the  plan  for 
taking  water  from  the  springs  as  well  as  in  connection  with  the  other  plan. 
Beference  is  also  made  in  the  report  of  your  engineer  to  the  expediency 
of  taking  a  supplementary  or  an  independent  supply  of  water  from  Knowles 
Brook.  Owing  to  the  fact  that  your  pumping  station  is  located  in  the 
valley  of  Mnddy  Brook,  and  the  probability  that  a  larger  supplementary 
supply  of  excellent  water  can  be  obtained  from  the  valley  of  this  brook 
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m  KnowleB  Brook,  it  seems  clearl;  undesirable  at  the  present  time 
the  additional  supply  from  the  latter  source. 

POLE.  The  water  commissioners  of  Walpole  applied  to  the 
Vfarch  29,  1895,  for  its  advice  relative  to  the  introduction  of 
i  water  supply  from  the  ground  in  the  valley  of  Low  Brook, 
jne-half  mile  above  its  junction  with  the  Xeponset  River, 
ard  replied  as  follows  :  — 

Boston,  Jane  7,  1895. 
ubject  of  a  water  supply  for  Walpole  was  brought  to  the  attention 
Board  by  an  application  of  the  committee  on  water  supply  of  the 
1893,  and  Ihe  Board  on  Jaue  5  of  that  year  made  the  following 

investigations  made  near  the  Neponset  River,  not  very  far  above 
;kburn  water  privilege  and  just  below  Low  Brook,  showed  very 
«ry  results  as  regai-ds  the  porosity  of  the  material,  the  freedom 
ich  water  couid  be  pumped  from  the  test  wells  and  the  quality  of 
r.  Taking  these  results  in  connection  with  an  examination  of  tbe 
ling  territory  and  the  size  of  the  streams,  the  Board  finds  no  reason 
,  that  an  ample  supply  of  excellent  water  can  be  obtained  from  a 
rells  located  in  the  porous  material  in  this  vicinity." 
Qg  from  tbe  tests  which  you  have  made  by  driving  wells  and  pump- 
1  them  at  the  source  now  proposed  in  the  valley  of  Low  Brook,  the 
it  this  place  are  also  veiy  satisfactory  as  regards  the  porosity  of 
irial  and  the  freedom  with  which  water  could  be  pumped  from  test 
id  analyses  show  that  the  water  is  of  excellent  quality.  Tbe  water- 
I  streams  which  must  be  depended  upon  for  maintaining  the  saturar- 
he  ground  at  the  new  location  aie  much  smaller  than  at  the  former 
'  the  Neponset  River,  and,  judging  from  all  of  the  information  at 
available,  the  source  near  the  Neponset  River  would  be  likely  to 
the  lai^er  quantity  of  water.  It  is  not  bnprobable,  however,  that 
the  new  location  would  supply  the  town  with  all  of  the  water 
for  ordinary  water  supply  purposes  for  several  years ;  but  if,  as 
1  suggested,  lai^e  quantities  of  water  are  to  be  supplied  for  mann- 
5  purposes,  the  source  now  proposed  would  probably  prove  inade- 

is  uncertainty,  in  nearly  all  cases  where  water  is  to  be  taken  from 
I-water  source,  as  to  just  how  much  water  the  source  will  furnish 
ad  of  a  long-continued  drought ;  and,  as  it  is  very  desirable  that 
uld  obtain  as  large  a  quantity  of  ground  water  as  possible,  the 
ivisea  you,  before  finally  locating  your  wells  and  pumping  station, 

further  investigations,  with  the  aid  of  an  engineer  skilled  in  tiia 
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selection  ot  ground-water  Bupplies,  Uaving  in  ^-iew  the  location  of  the  works 
at  the  place  wliei-e  the  largest  quantity  of  water  of  satisfactorj  quality  can 
be  obtained,  either  from  the  original  vorks  or  from  exfeneions  to  be  made 

subsequently. 

Wen-ham.  An  application  waa  received  from  the  selectmen  of 
Wenham,  Feb.  18,  18115,  for  the  advice  of  the  Board  relative  to 
taking  the  water  of  Pleasant  Pond  in  that  town  as  a  source  of  public 
water  supply.     The  Board  replied  to  this  application  as  follows  :  — . 

Boston,  Much  2fi,  1895. 

The  Board  has  caused  an  examination  of  this  source  and  an  analysis  of 
a  sample  of  water  collected  from  the  pond  near  its  outlet  to  be  made. 
This  pond  will  furnish  an  abundant  supply  of  water  (or  your  town,  and  the 
water  is  of  fair  quality,  but  uot  as  good  as  it  is  desirable  to  introduce  into 
the  town  if  a  better  water  can  be  obtained. 

The  unsatisfactory  character  of  the  water  is  due  to  the  surface  drainage 
from  the  streets  in  a  portion  of  the  village,  the  drainage  from  a  small 
swamp  sonth  of  the  main  street  and  much  lai^er  swampy  areas  south  of 
the  pond,  and  the  percolation  of  polluted  waste  water  from  a  portion  of 
the  village  through  the  ground  into  the  pond  or  its  feeders. 

It  was  suggested  by  one  of  your  board  that  most  of  the  street  wash 
above  referred  to,  and  the  drainage  from  the  small  swamp  south  of  the 
main  street,  might  be  diverted  from  the  pond  and  mode  to  flow  in  a  south- 
erly direction  to  Miles  River ;  and  this  would  have  a  tendeucy  to  improve 
the  quality  of  the  pond  water,  but  it  would  uot  be  likely  to  make  enough 
change  in  tlie  quality  to  make  the  water  wholly  satisfactory. 

If  a  public  water  supply  were  introduced  from  any  source,  without  at 
the  same  time  providing  a  system  of  sewera,  there  would  be  more  polluted 
waste  water  turned  into  the  ground  than  at  present,  and  more  would  find 
its  way  by  percolation  or  otherwise  into  Pleasant  Pond.  These  paters, 
even  if  thorouglily  purified  by  percolation  through  the  ground  so  that  they 
would  not  be  dangerous  to  healtli,  contain  soluble  matters  which  would 
promote  the  growth  of  the  minute  organisms  which  frequently  give  waters 
stored  in  ponds  and  reser\'oirs  a  disagreeable  tasto  and  odor. 

It  is  poesible  that  investigations  may  ^ow  thai  a  water  which  ia  entirely 
satisfactory  in  quality  can  be  obtained  from  the  ground  near  the  pond,  or 
from  some  other  ground-water  source  within  the  limits  of  the  town.  The 
Board  also  calls  attention  to  the  fact  that  the  pumping  stations  of  the  water 
works  of  Beverly  and  Salem  are  but  little  more  than  a  mile  and  a  half  from 
the  centre  of  Wenham  village ;  and  if  arrangements  could  be  made  whereby 
11w«e  cities  or  either  of  them  would  furnish  water  at  a  small  advance  upon 
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x)Btt  the  water  would  probably  cost  the  town  of  Wenham  much  less 
L  if  obtained  by  the  coustnicttou  of  independent  works. 
he  Board  will  advise  you  further  in  this  matter,  if  you  so  desire,  when 
have  farther  information  to  present  for  its  consideration. 

Testfield.  The  committee  on  additional  water  supply  of  the 
n  of  AVostfield  applied  to  the  Board  Jan.  28,  1895,  for  the 
ice  of  the  Board  relative  to  tlio  taking  of  Munn  Brook  iu 
.nville  at  a  point  near  its  junction  with  Tillotson's  Brook,  as 
additional  source  of  water  supply  for  Westfield.  The  Board 
lied  to  this  application  as  follows  :  — 

Bmtdn,  Feb.  S,  I89S. 
he  water  commissioners  of  the  city  of  Holyoke  applied  to  this  Board 
'une  13,  18^3,  and  again  on  Jan.  18,  1694,  for  its  advice  relative  to 
ng  an  additional  water  supply  from  this  source,  and  the  replies  of  the 
rd  to  these  applications  are  transmitted  herewith.  You  will  find  in 
n  the  opinion  of  the  Board  with  regard  to  the  quality  of  the  water  so 
!L3  it  has  information  up  to  the  present  time. 

he  city  of  Holyoke  is  in  urgent  need  of  an  additional  water  supply, 
the  Board  has  in  one  of  the  replies  expressed  the  opinion,  which  it 
holds,  that  Munn  Brook  ia  the  moat  appropriate  aonrce  from  which 
dee  an  additional  water  supply  for  the  city  of  Holyoke ;  but  the  Boai'd 
believes  that  the  brook  ia  an  appropriate  source  of  additional  aupply 
the  town  of  Westfleld,  provided  it  is  taken  jointly  by  the  two  com- 
ities. The  construction  of  works  for  the  joint  supply  of  the  two 
munities  would  materially  lessen  the  cost  to  each,  if  arrangements 
I  made  for  an  equitable  division  of  their  cost;  and,  although  the 
icity  of  the  source  would  be  reached  sooner  if  it  were  used  by  the  two 
munities  than  by  either  one,  it  will  continue,  with  proper  development 
he  construction  of  storage  reservoirs,  to  supply  both  for  a  considei-able 
■,  and  the  supply  can  be  supplemented  from  tbe  Westfield  Little  River 
le  future  if  the  aupply  from  Munn  Brook  should  prove  insufficient. 
he  Board,  therefore,  adWses  you  to  consider  the  question  of  obtain- 
an  additional  supply  from  this  source  in  connection  with  the  city  of 
?oke. 

Teston'.  Charles  H.  Fiske  and  others,  petitioners  for  incorpora- 
aa  the  Weston  Water  and  Electric  Company',  ap))lied  to  the 
rd  April  30,  181)5,  for  its  advice  relative  to  taking  a  water  8ui>- 
for  the  town  of  AVestnn  from  springs  in  the  neighborhood  of 
tral  Avenue  in  that  town.  Tbe  Board  replied  to  this  applica- 
as  follows  :  — 
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3  improbable  that  your  present  and  propoeed  works  togctber  will 
li  as  much  water  aa  ought  to  be  provided  for  a  growing  town  like 
mstown;  and  the  derelopment  of  small  Bources,  tbnt  &re  likely  to 
iuadequateina  very  few  years  if  tbe  town  continues  to  grow,  or  if  there 
I  be  a  Ini^e  inciease  in  tlie  use  of  water,  is  not  in  the  interest  of  true 
ny.  The  Board  would,  therefore,  advise  that,  before  making  further 
>ns  to  the  works,  you  have  a  thorough  investigation  made,  with  a 

0  determining  the  best  source  for  the  permanent  supply  of  the  towD. 

MCHENDON.  The  conimittpe  on  water  supply  of  WinChendon 
id  to  the  Board  Jan.  31,  1805,  for  further  advice  in  regard  to 
rentiss  meadow  in  that  town  as  a  source  of  water  supply  for 
iwn.     The  Board  replied  to  this  application  as  follows  :  — 

BoiTON,  Haj  IS,  ls». 

1  State  Board  of  Health  received  from  yon  an  application  dated  Jan. 
195,  for  further  advice  with  regard  to  the  Prentiss  meadow  ns  a  source 
ter  supply  for  your  town,  and  with  this  application  you  have  submit- 
report  of  your  engineer,  giving  the  results  of  certain  pumping  tests 
ivestigations  which  have  been  made  in  order  to  determine  the  capacity 
8  source. 

!  water  supply  of  Winchendon  has  been  the  subject  of  careful  con- 
tion  by  this  Board  on  several  occasions,  and  your  attention  is  t^ain 

to  the  replies  made  by  the  Board  to  your  committee  on  February  17, 
6,  August  3  and  September  10  of  last  year,  for  a  general  considera* 
if  the  subject  of  the  water  supply  for  your  town  and  an  extended 
ieratioQ  of  the  Pieutiss  meadow  source,  concerning  which  you  now 
irther  ad^■ice. 

ore  refen-ing  to  the  reconsideration  of  the  subject  with  the  aid  of  the 
aforraation  furnished,  it  may  be  well  to  state  that  the  reply  of  the 
,  dated  Sept.  10,  1894,  after  referring  to  a  method  of  estimating  the 
ity  of  water  to  be  obtained  from  a  ground  w.-iter  source,  stated: 
>n  this  basis  the  engineers  of  the  Board  have  estimated  that  a  well  or 
in  the  Prentiss  meadows  would  yield  during  the  driest  four  months  of 
year  about  130,000  gallons  per  day."     Again,  after  calling  attention 

fact  that  the  capacity  of  a  ground-water  supply  cnnuot  be  determined 
nearly  as  much  accuracy  as  of  a  surface-water  supply,  the  further 
lent  was  made:  "While,  therefore,  the  Board  estimates  that  the 
ity  of  water  to  be  obtained  from  a  well  or  group  of  wells  in  the 
Lss  meadow  would  be  from  100,000  to  200,000  gallons  per  day,  it 
t  be  at  alt  definitely  stated  that  the  quantity  may  not  be  even  more  or 
mn  these  figures." 
im  the  information  contained  in  Mr.  Fuller's  report  and  addtdoual 
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le  table  shows  that  the  tests  were  made  during  montha  when  the  rain- 
ras,  on  the  whole,  sUghtly  above  the  average.  The  eeaaon  of  the  year 
has  an  important  bearing,  because  during  the  warmer  months  the 
:er  part  of  the  rain  which  falls  goes  off  again  into  the  air  bj  evapora- 
while  in  the  cooler  months  of  the  yttstr,  until  the  ground  is  eolidly 
m,  a.  much  larger  proportion  remains  to  soak  into  the  ground.  A 
\  allowance,  therefore,  has  to  be  made,  in  order  to  insure  an  unfailing 
\y,  to  offset  the  diminished  yield  during  seasons  of  lower  rainfall  and 
ig  the  warmer  portions  of  the  year  when  more  water  evaporates.  It 
Id  also  be  noted  that,  even  during  the  season  of  comparatively  lai^e 
.  when  the  tests  were  made,  the  water  in  the  ground  continued  to 
r,  and  with  continuous  pumping  for  a  much  longer  time  it  is  probable 
the  wells  would  have  yielded  less  water  than  they  did  during  these 
laratively  short  tests. 

he  estimates  of  the  capacity  of  a  well  or  wells  at  this  place,  as  formerly 
i  by  the  engineers  of  this  Board,  related  to  the  yield  during  the  driest 
months  of  a  dry  year,  and  were  based  in  part  upon  the  exhanation  by 
-continued  pumping  of  the  water  stored  in  the  ground  in  the  vicinity  of 
rellB ;  and,  now  that  the  tests  have  been  made,  we  are  unable  to  conclude 
the  quantity  of  water  obtainable  under  these  conditions  would  exceed 
imount  originally  estimated,  —  an  amount  too  small  to  snpply  the  tows 
-  water  shall  have  begun  to  be  generally  used. 

bur  engineer  suggesM  in  hiB  report  that  the  ground  surrounding  the 
1  may  be  kept  saturated  by  introducing  water  from  the  river  by  means 
rain  pipes  with  open  joints,  placed  as  much  as  100  feet  from  the  wells. 
Board  regards  this  method  of  supplementing  the  supply  as  an  imprac- 
ile  one,  mainly  because  the  matters  strained  out  of  the  river  water  would 
mulate  where  the  water  passes  from  the  Joints  of  the  pipe  into  the 
od;  and,  as  they  could  not  be  removed,  the  filter  would  before  long 
me  clogged  and  inoperative. 

he  Board,  in  its  former  investigation  of  this  subject,  considered  various 
lods  of  extending  the  collecting  system  and  maintaining  the  saturation 
le  ground  by  water  taken  from  the  river,  and,  after  indicating  methods 
b  might  be  adopted,  made  the  following  statement:  — 
Taking  into  account  the  first  cost  of  this  complicated  system  of  works, 
rearly  cost  of  operating  them  in  such  a  way  as  to  obtain  a  sufficient 
ily  of  good  water  and  the  nncertainty  as  to  the  results  which  would  be 
ined,  it  does  not  seem  advisable  to  adopt  this  plan,  when  you  may 
1  from  Upper  Naukeag  Pond,  by  a  simple  plan  and  probably  with  & 
smaller  annual  cost,  an  ample  supply  of  water  of  good  quality." 
nee  the  Board,  after  a  careful  consideration  of  all  of  the  ioformatloD 
ished  by  your  extended  mvestigations,  does  not  have  occasion  to 
fy  its  former  estimates  as  to  the  probable  capacity  of  a  well  or  well& 
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The  Board  bos  caused  examinations  of  this  brook  to  be  made  and  samples 
of  water  from  it  to  be  analyzed,  and  it  finds  that  the  water  as  it  now  runs 
in  the  stream  is  of  fair  quality  and  liltely  to  be  as  good  after  storage  in 
the  Lynde  Bnx>k  Besen'oir  as  the  water  now  supplied  to  the  city  from 
that  source.  The  water  can  be  improved,  however,  by  ceasing  to  use  the 
Arnold  Reservoir,  which  floods  a  swampy  territory  near  the  head  of  Kettle 
Brook  to  a  small  depth,  by  draining  this  awampy  territory  and  by  other 
methods  of  improving  the  quality  of  the  water  which  will  suggest  them- 
selves to  your  engineers. 

This  brook  will  furnish  by  gravity  a  substantial  addition  to  the  present 
supply  of  your  city  at  a  very  small  cost  for  engineering  works,  and  the 
Board  i-egards  it  as  an  appropriate  source  from  which  to  take  the  next 
addition  to  the  water  supply  of  your  city. 

Wrentham  (Plainville).  An  application  was  received  Jan.  8, 
18fl5,  from  H.  G.  Bacon  and  other  citizens  of  Plainville  in  AVren- 
tliam,  for  the  advice  of  the  Board  relative  to  taking  the  water  of 
Tea  Mile  River,  at  some  point  above  Plainville,  to  which  the  Board 
replied  as  follows  :  — 

BoaroH,  Fab.  B,  1890. 

The  $tat«  Board  of  Health  received  from  you  on  Jan.  8,  1895,  an  appli- 
cation for  ad^'ice  relative  to  a  proposed  water  supply  for  a  part  of  the 
town  of  Wrentham,  in  which  you  state  that  it  is  your  intention  to  intro- 
duce a  system  of  water  supply  in  the  village  of  Plainville  in  the  town  of 
Wreutham,  and,  for  the  purpose  of  carrying  out  such  a  plan,  a  petition 
will  be  presented  to  the  General  Court.  Vou  ask  for  advice  upon  the 
proposed  plan  to  take  the  water  of  Ten  Mile  River  at  some  point  between 
the  village  of  Plainville  and  the  head  of  Ten  Mile  River. 

The  Boai-d,  under  date  of  Dec.  20,  1894,  ad^-ised  the  board  of  water 
commissioners  of  the  town  of  North  Attleborough  with  regard  to  the  Ten 
Mile  River  above  the  village  of  Plainville  as  a  source  of  water  supply  for 
the  town  of  North  Attleborough  and  the  village  of  Plainville.  In  the  com- 
munication to  North  Attleborough  (a  copy  of  which  is  published  in  the 
twenty-sixth  annual  report  of  the  State  Board  of  Health,  1894,  page  S5), 
you  will  find  the  opinion  of  the  Boanl  with  regard  to  the  quality  of  the 
water;  also  its  opinion  as  to  the  propriety  of  taking  wat«r  from  this 
source  for  the  supply  for  the  village  of  Plainville,  as  well  as  for  a  supply 
for  the  town  of  North  Attleborough. 

Sewerage  and  Sewage  Disposal. 
The  following  is  the  sub^ttance  of  the  action  of  the  Board  during 
1895,  in  reply  to  applications  for  advice  relative  to  sewerage  and 
Kcwitge  disposal :  — 
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.  Will  the  Board  eu^^st  the  size  of  out-of-door  filter>beda  deemed 
lary  to  make  acceptable  our  second  plant? 

Can  loam  be  ueed  over  the  aand  ia  filter-beds?" 
i  application  was  accompanied  by  plans  of  tlie  proposed  plant  at  the 
>n  first  indicated,  which  is  an  area  of  low  ground  bordering  on  the 
or  easterly  bank  of  the  Shawsheen  River,  between  Main  Street, 
ng  Street  and  the  Boston  &  Maine  Railroad ;  and  subsequently  a 
;  was  submitted  relating  to  the  proposed  method  of  operation  of  the 

and  a  sample  of  the  sand  intended  to  be  used. 
i  essential   features  of  the  plan  are  settling  tanks  for  the  removal 

suspended  matters  from  the  sewage  by  sedimentation ;  filter-beds 
g  an  area  of  2,800  square  feet,  and  containing  about  5  feet  in  depth 
;eriQg  material,  through  which  it  is  expected  to  filter  eewage  from  the 
ig  tanks  intermittently  at  a  rate  of  3,200,000  gallons  per  acre  daily; 
secondary  filter-bed,  having  an  area  of  2.3  acres,  to  be  used  for  the 
ion  of  the  effluent  from  the  first-mentioned  filters  by  application  to 
beneath  a  layer  of  loam.  By  the  alternative  plan,  the  last- mentioned 
bed  may  be  omitted,  but  the  effluent  in  either  case  would  be  dls* 
ed  into  the  Shawsheen  River. 

i  Board  has  carefully  considered  the  proposed  scheme,  and  finds  that 
,  thoroughly  impracticable  one  for  the  disposal  of  the  sewage  of  the 
of  Andover. 

i  settling  tanks  into  which  the  sewage  would  be  diachaiged  as  it  came 
the  main  sewer  cannot  be  expected  to  remove  more  than  a  very  small 
>n  of  the  suspended  matter.  Esperimente  at  Lawrence  with  reference 
1  removal  of  organic  matter  from  sewage  by  sedimentation  have  shown 
ly  allowing  sewage  to  settle  for  four  hours  about  18  per  cent,  of  the 
ic  matter,  as  indicated  by  the  albuminoid  ammonia,  was  removed, 
onsumption  of  walfir  in  Andover  for  the  year  1894  averaged  323,000 
ks  per  day,  and  it  is  not  unreasonable  to  expect  that  the  amount  of 
;e  to  be  disposed  of  after  the  sewerage  system  has  come  into  general 
lay  be  in  the  vicinity  of  200,000  gallons  per  day.  With  this  quantity 
rage  flowing,  the  time  occupied  by  it  in  passing  through  the  proposed 
Ig  tanks  would  not  average  more  than  two  houiD,  or  about  one-half 
me  allowed  in  the  experiments  at  Lawrence,  and  during  the  portion  of 
ay  when  the  flow  was  greatest  the  sewage  would  pass  through  the 

in  less  time ;  moreover,  there  would  be  a  constant  flow  of  sewage 
^h  the  proposed  tanks,  while  in  the  case  of  the  experiments  at  Law- 
the  liquid  was  not  disturbed. 

i  in-door  filter-beds  for  the  rapid  filtration  of  the  sewage  after  it  has 
I  through  the  settling  tanks  are  altogether  inadequate  for  the  purpose, 
ould  very  quickly  become  cl(^ged,  so  that  the  required  quantity  of 
e  could  not  be  made  to  pass  through  them. 
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The  proposed  rate  of  flltratioD  for  these  filters  (8,200,000  gallont 
acre  per  day)  very  greatly  exceeds  the  higbeet  rate  ever  attaiaed  ii 
filtratioD  of  sewage  through  any  saod  or  gravel  in  the  experimen 
Lawrence  with  the  most  favorable  cooditions,  even  with  sewage  from  t 
the  greater  portion  of  the  organic  matter  bad  previously  been  remo 
and  it  may  be  added  that  it  exceeds  even  the  rate  at  which  Merrimack  1 
water  is  filtered  through  the  Lawrence  city  filter. 

The  eflfect  of  applying  sewage  to  the  proposed  filter  at  such  an  eice 
rate  would  be  that  no  opportunity  would  be  allowed  for  nitrificatia 
become  established  in  the  filter,  whereby  the  organic  matters  would  be 
verted  into  mineral  matters  and  pass  out  in  the  effluent,  and  the  oi^ 
matters  wonld  consequently  accumulate  in  the  interstices  of  the  sand 
dc^  the  filter,  even  if  its  surface  was  continually  disturbed  or  scraped 

The  purification  of  sewage  by  intermittent  filtration  is  not  m 
mechanical ;  that  is,  it  is  not  a  straining  through  fine  pores,  thereby  i 
ing  back  the  organic  matters  in  the  sewage,  but  it  is  a  chemical  chang 
which  the  substances  are  converted  into  mineral  matter,  which  pass< 
daily  in  the  purified  liquid.  To  efifect  this  change  the  experiments  at  [ 
rence  have  clearly  shown  that  the  necessary  conditions  are  very  slow  m 
of  very  thin  films  of  liquid  over  the  surface  of  particles  having  s| 
between  them  sufficient  to  allow  air  to  be  in  contact  with  the  films  of  lii 
With  these  conditions  it  is  essential  that  certain  bacteria  should  be  pr 
to  aid  in  the  process  of  nitrification;  and  it  has  been  found  that 
bacteria  come  in  the  sewage  at  all  seasons  of  the  year,  and  the  coudi 
mentioned  appear  to  be  the  most  favorable  for  their  efficient  action. 

The  proposed  filtration  area  outside  the  building,  to  which  sewage 
be  applied  by  carriers  laid  beneath  a  surface  layer  of  loam,  woulc 
account  of  the  limited  capacity  of  the  proposed  in-door  filters  for  pun: 
sewage,  receive  sewage  from  which  only  a  small  proportion  of  the  oi^ 
matter  had  been  removed.  While  no  special  chemical  or  biological  dil 
ties  attend  the  purification  of  sewage  by  this  form  of  filter,  it  has 
fonnd  both  by  experiment  and  in  practice  that  the  carriers  become  clo 
with  organic  matter  so  that  it  is  necessary  to  dig  up,  clean  and  replace 
from  lime  to  time,  making  the  cost  of  maintenance  of  such  a  filter  gr 
than  where  no  loam  layer  is  used  and  sewage  is  applied  directly  U 
surface  of  the  sand ;  moreover,  experiments  with  two  filters  containini 
same  kind  of  sand,  at  Lawrence,  to  one  of  which  sewage  was  applied 
the  exposed  surface  of  the  sand  and  to  the  other  beneath  a  layer  of  1 
it  was  found  that  the  amount  of  sewage  that  could  be  disposed  of  b; 
former  was  more  than  twice  as  great  as  by  the  latter. 

Finally,  if  sewage  should  be  filtered  through  properly  prepared  bei 
sand,  such  as  are  proposed  for  use  in  the  filters  under  consideration, 
rate  which  will  not  overtax  the  capacity  of  the  filter,  the  effluent  woul 
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iciently  purified  to  permit  of  its  diechai^  directly  ioto  the  ShawBheen 
er  witbout  further  ti'eatment.  It  may  be  added  that  an  area  of  about 
acres  of  such  filter-beds  would  be  Bufflcient  for  the  towninthebegiuniDg, 
it  would  be  desirable  to  provide  for  increasing  the  area  when  necessary. 

3ROCSTON.  An  applicstioii  was  received  Aug.  16,  1895,  from 
mayor  of  Brockton,  for  the  advice  of  the  Board  relative  to  a 
iposed  plan  of  "  surface  drainage "  in  the  Cabot  Street  ^section 
that  city.     The  Board  replied  to  this  application  as  follows :  — 

BOSTOK,  Oct.  3,  I8B&. 

The  State  Board  of  Health  has  carefully  considered  the  plau  for  pro- 
ed  drainage  of  the  Cabot  Street  system  which  you  presented  for  its  ap- 
val  August  5,  uuder  the  provisions  of  chapter  309  of  the  Acts  of  1888, 
1  hereby  approves  said  drainage  system. 

3anvers.  An  application  was  received  Nov,  4,  1895,  from  the 
ird  of  health  of  the  town  of  Danvers,  for  the  advice  of  the  Board 
ative  to  the  disposal  of  the  sewage  of  certain  morocco  factories 
,v  discharging  into  Crane's  River  in  that  town  by  convej-ing  it  to 
outlet  at  Danversport.  The  Board  replied  to  this  application  as 
lows :  — 

BoiTOK,  Dec.  e,  ISU. 
Che  State  Board  of  Health  has  carefully  considered  your  application  for 
'ice  with  reference  to  disposing  of  the  nuisance  in  Crane's  Kiver  caused 
the  dischai^e  into  it  of  manufacturing  sewage  from  three  morocco  shops. 
e  plan  accompanying  your  application  is  to  divert  the  sewage  from  the 
ok  into  which  it  flows  at  present,  and  convey  it  by  means  of  a  sewer  to 
oint  of  discbarge  in  the  channel  of  the  Essex  Branch  River,  a  tidal 
iam,  near  its  junction  with  Crane's  Kiver,  and  yon  express  a  doubt  as  to 
Ether  this  method  of  disposal  would  be  satisfactory. 
The  proposed  outlet  is  close  to  the  village  of  Danversport,  and  it  appears 
t  there  are  very  extensive  flats  in  the  vicinity,  which  are  exposed  at  low 
;,  An  analysis  of  a  sample  of  the  sewage,  collected  as  it  flowed  from 
present  settling  tank,  shows  that  the  sewage  contains  several  timea  as 
ch  organic  matter  as  is  found  in  ordinary  town  sewage,  and  ttiat  a  large 
iportioD  of  it  is  in  suspension.  With  the  conditions  existing  in  the 
inity  of  the  proposed  outlet,  it  is  probable  that  organic  matter  from  the 
rage  would  collect  on  the  flats,  and  cause  a  nuisance  similar  to  that  now 
sting  in  Crane's  River.  The  Board  does  not,  therefore,  advise  the 
iptioD  of  this  method  of  disposing  of  the  sewage,  and  it  may  he  added 
t  there  appears  to  be  no  body  of  water  in  the  immediate  vicinity  of  the 
'n  into  which  the  sewage  could  be  discharged  without  offence. 
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hapter  403  of  the  Acts  of  1887,  of  the  method  of  disposal  of  the 
rater  of  the  under-drain  of  the  main  sewers  of  that  town.  The 
toard  replied  to  this  application  a^  follows :  — 

BosTOK,  Feb.  20, 1B9I>. 

The  Board  has  considered  youi*  application,  dated  Dec.  24,  1894,  in 
rhicli  you  ask  for  its  approval  of  the  disposal  of  the  water  of  the  onder- 
rain  beneath  the  Fr&mingham  aewera  by  pumping  it  to  filter-beds  located 
ear  the  present  pampiiig  station,  as  shown  on  a  plan  submitted  with  the 
pplication.  i 

A  plan  for  the  disposal  of  this  water  was  presented  to  the  Board  Jan. 
3,  1893,  which  provided  for  diverting  it  entirely  from  the  water-shed  of 
he  Boston  water  supply  by  pumping  it  over  the  divide  into  Baimister 
trook.  Concerning  that  plan  the  Board  advised  that  it  was  a  permissible 
lethod  of  disposing  of  the  water,  but  that  filtration  might  be  necessary  if 
he  character  of  the  water  should  deteriorate. 

The  plan  now  proposed  provides  for  the  disposal  of  the  water  of  the 
inder-drain  by  filtration  on  land  within  the  water-ahed  of  the  Boston  water 
npply,  and  has  the  advantage  of  saving  to  this  supply  a  quantity  of  water 
rhich  under  the  former  plan  would  be  lost ;  but  It  has  the  disadvantage 
bat  the  nitrates  in  the  filtered  water  will  have  a  slight  tendency  to  promote 
he  growth  in  Cochituate  Lake  of  the  organisms  which  impart  to  water  dis- 
fp'eeable  tastes  and  odors. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  the 
lisposal  of  the  nnder-drain  water  by  the  proposed  plan  is  not  objectionable 
rom  a  sanitary  point  of  view,  and  is  an  appropriate  method  of  disposing 
pf  this  water. 

Samples  of  earth  sent  in  by  yon  from  three  test  pits  dug  in  the  proposed 
,rea  have  been  examined,  and  the  samples  from  two  of  them  have  been 
ound  to  be  of  satisfactory  quality,  except  near  the  surface,  for  filtration 
lurposea,  but  samples  from  the  remaining  pit  consisted  of  very  fine  material, 
u  constructing  the  filter-beds  care  should  be  taken  to  locate  them  where 
he  material  is  porous  and  suitable  for  filtration.  The  plan  provides  for 
be  preparation  of  an  area  of  about  one  acre,  but  it  would  be  desirable  to 
nake  provision  for  extending  this  area  in  the  future  if  it  should  be  found 
lecessary. 


Spbinqfield.  The  mayor  of  Springfield  applied  to  the  Board 
i.ug.  23,  1895,  for  advice  relative  to  the  extensioD  of  certain  sewers 
o  the  Connecticut  River,  aud  the  construction  of  new  sewers  having 
heir  proposed  outlets  in  the  river.  The  Board  replied  to  this  ap- 
ilication  as  follows  :  — 
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Bmv 
The  State  Board  of  Health  received  from  yon  on  Aug 
application  for  its  advice  relative  to  the  proposed  exteuait 
channel  of  the  eever  outlets  iu  Worthiugton  aud  Union  aire 
discharge  at  the  bank  of  the  river,  and  the  construction  of  i 
Longhill  Btreet,  aooompanied  by  plans  showing  details  of 
extensions  and  the  results  of  float  experiments  made  to 
direction  of  currents  in  the  river  opposite  the  city. 

The  discliarge  of  sewage  at  the  bank  of  the  river  has  ci 
foaling  of  the  shores,  so  that  at  times  of  low  water  they  are 
The  proposed  extensions  will  carry  the  sewage  sway  from 
well  out  into  the  stream,  and  the  points  of  discharge  indie 
be  so  located  that  the  sewage  wiU  have  passed  the  city  ai 
diluted  before  returning  to  the  shores,  and  their  adoption  is 
It  would,  however,  be  well  to  avoid  the  up-turning  of  the 
at  the  end,  and  have  a  free  outlet,  with  no  depressed  port 
in  which  solids  from  the  sewage  may  be  deposited. 

TEWKSBniT.     Aji  application  was  received  from 
health  of  Tewksbury,  April  9,  1895,  for  advice  relati 
posal  of  the  sewage  of  a  portion  of  that  town  into 
River.     The  Board  replied  as  follows  :  — 

Boh 

The  State  Board  of  Health  received  from  you  on  Ap' 
application  with  reference  to  a  partial  system  of  sewen^e 
of  Tewksbury  bordering  on  the  Concord  River,  accompan: 
showing  a  proposed  sewer  in  Whitehead  and  Wsrnock  str 
the  Concord  River,  near  the  boundary  between  the  town  of  ' 
the  city  of  Lowell. 

The  Board  has  cansed  an  investigation  of  the  proposed  pi 
and  has  deemed  it  necessary,  in  view  of  the  existing  com 
into  consideration  the  whole  subject  of  sewerage  and  sew( 
the  rapidly  growing  portion  of  the  town  near  to  Lowell,  j 
locality  to  be  drained  by  the  proposed  sewer,  there  are  otl 
this  part  of  the  town,  containing  a  much  larger  population 
to  be  already  in  need  of  sewerage  facilities,  or,  with  a  c 
increase  in  population,  likely  to  need  them  in  the  near  futur 

While  the  dischaige  of  sewage  from  the  proposed  sewer, 
conditions,  into  the  Concord  River,  might  not  cause  any  se: 
Board  IB  of  the  opinion  that  no  lai^e  amount  of  sewage  cat 
posed  of  in  this  way,  owing  to  the  .conditions  that  prevail  ii 
the  river  below,  where  there  are  densely  populated  sectione 
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iwell  ID  the  immediate  viciDity  of  the  sti-eam.  It  is  also  worthy  of  note 
kt  the  dty  of  Lowell  has  been  compelled  by  the  courts  to  discontinue  the 
icbai^e  of  sewage  into  the  Concord  River,  above  the  last  dam. 
In  view  of  all  the  circumstances,  the  Board  advisee  that  a  more  extended 
restigation  be  made  of  the  subject  of  sewerage  and  sewage  disposal  for 
B  rapidly  growing  portion  of  the  town  of  Tewksbury,  both  in  order  that 
Ters  may  be  constructed  in  the  beginning  in  accordance  with  some  well- 
Sued  plan  for  the  district  as  a  whole,  and  in  order  that  a  suitable  method 
disposing  of  the  sewage  be  adopted  in  the  beginning. 
It  is  suggested  that,  in  connection  with  investigatioQB  of  methods  of 
iposing  of  the  sewage  of  this  portion  of  the  town,  there  appear  to  be  two 
isible  methods  which  are  worthy  of  investigation,  —  one  by  disposal  on 
£r-bedB  of  sufficient  area,  as  at  Framingham,  Marlborough  and  several 
ices  in  the  State,  and  the  other  by  disposal  in  connection  with  the  sewer- 
e  system  of  the  city  of  Lowell. 

The  Board  will  advise  you  further  in  this  matter  when  you  have  additional 
'ormation  to  present. 

Webster.  The  sewer  commissioners  of  Webster  applied  to  the 
)ard  Oct.  15,  1895,  for  its  advice  relative  to  a  proposed  system 
sewerage  and  sewage  disposal  for  that  town,  having  its  outlet 
to  French's  River,  at  a  point  below  the  bridge  of  the  Southbridge 
anch  of  the  Xew  England  Railroad.  The  Board  replied  to  this 
plication  as  follows  :  — 

BonoH,  Jan.  3,  1S96. 
Fi-om  investigations  made  by  the  Board,  through  its  engineers,  it 
pears  that  French's  River  is  already  considerably  polluted  by  manufact- 
ng  sewage.  Below  the  proposed  sewer  outlet  there  are  several  millponds 
lich  afford  a  favorable  opportunity  for  the  solid  portions  of  the  sewage 
d  manufacturing  wastes  to  settle  and  become  offensive.  Near  each  of 
ise  millponds  is  a  village,  the  inhabitants  of  which  would  necessarily  be 
ected  by  the  pollution  of  the  river  and  the  deposits  of  organic  matter  on 
i  bottoms  and  sides  of  the  ponds. 

Under  the  circumstances,  the  Board  does  not  advise  the  disposal  of  the 
rage  of  Webster  as  proposed,  by  discharging  it  without  treatment  into 
ench's  River,  but  advisee  a  further  Investigation  of  the  subject  of  sewage 
iposal,  with  a  view  to  purifying  the  sewage  in  such  a  manner  that  the 
lueut  may  subsequently  be  discharged  into  the  river  without  danger  of 
ising  offence  to  the  inhabitants  of  the  villages  on  the  river  below. 
A  tract  of  land  is  referred  to  in  the  report  of  your  engineer  in  connec- 
n  with  the  disposal  of  the  sewage  by,filtration  or  irrigation.  The  Board 
luld  advise  a  thorough  investigation  of  the  areas  suitable  for  the  dis- 
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poeal  of  sewage  in  the  vicinity  ot  tiie 
to  determioe  the  location  and  extent  < 
filtration. 

The  Board  will  adviee  you  further  i 
ttonal  information  to  present. 


State  Faru  at  BRnxtEWATER. 
from  the  superintendent  of  the  Stal 
advice  of  the  Board  relative  to  the 
institution.     The  Board  replied  as  f 


The  State  Board  of  Health  has  carefu 
advice  as  to  the  disiioBal  of  the  sewage  i 
an  examination  of  the  territory  in  the  ^ 
its  engi Deere. 

The  present  method  of  disposing  of 
ingB  is  to  convey  it  to  settling  tanlis  ]m 
of  the  grounds  of  the  inetitntion,  from 
ran  down  the  hill  into  a  small  hroob,  wli 
and  thence  into  the  Taunton  River. 

While  you  have  a  large  area  of  land 
for  irrigation,  and  some  advantages  to 
mat«rial  ts  not  favorable  to  absorbing  a 
it  would  have  to  be  applied  with  a  good  d 
ofFensive. 

North  of  the  institution,  beyond  the  bt 
from  the  buildings,  you  have  some  lan< 
filtration ;  and  the  Board  would  advise  t 
made,  to  deteimine  whether  this  area  if 
sewage  of  the  institution  at  a  reasonabl 
suitable  porous  material  is  of  sufficient  < 
the  institution,  and  produce  an  effluent 
stream  without  objection. 


Pollution  op  Inl 

The  Blackstone  River.    An  ap 

1895,  from  the  selectmen  of  Millb 

Board  "  in  reference  to  the  pollutioi 

tlie  sewage  and  by  the  effluent  from 
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ty  of  Worcester,"  aud  at  the  same  time  asking 
Board  "whether  the  city  of  Worcester  is  at 
treating  its  sewage  that  it  does  not  product 
Ter,  in  conformity  with  the  act  of  1886  (chapt 
the  nuisance  now  existing  is  due,  and  solely 
formed  in  the  river  prior  to  the  25th  of  June, 
splied  to  this  application  as  follows :  — 

Bo«w 
1  the  board  of  health  of  Millbury  submitted  to  this 
I  relating  to  this  subject,  and  in  a  reply  dated  Marc 
pressed  its  opinion  as  to  the  condition  of  the  river  i 
of  Millbuiy  at  that  time,  as  compared  with  its  con( 
act  which  established  a  system  of  sewage  disposal 
ir  was  passed,  as  follows :  — 

population  of  Worcester  from  1885  to  1890  increase 
,  and  the  increase  from  1886  to  1891  would  not 
The  sewage  of  the  city  of  Worcester  is  turned  int 
gles  with  the  natural  water  of  the  brook.  A  p< 
sewage  and  brook  water  is  then  diverted  to  the  dl 
from  the  flow  which  may  naturally  l>e  expected  in  ; 
ea  of  the  size  drained  by  Mill  Brook,  and  from  su( 
It  available  to  the  Board  with  regard  to  the  amot 
it  the  disposal  works,  it  seems  probable  that  the 
reated  will  no  more  than  ofTset  the  increase  in  pc 
1891.  If  we  take  into  account  that  the  total  lengt 
:r  has  increased  much  faster  than  the  population, 
ganic  matter  is  not  removed  from  the  sewage  by 
tion,  there  can  be  no  doubt  that  the  amount  of  c 
xl  into  the  river  from  Worcester  is  greater  at  the  pre 
1886. 

examination  of  the  water  of  the  river,  where  it  ente 
,  made  by  the  Board,  indicates  that  it  is  seriously  a 
by  sewage ;  and  by  comparing  the  analyses  of  th< 
n  made  monthly  by  the  Board  since  June,  1887, : 
tion  of  the  river  was  no  less  during  the  past  year 
I  before  the  Worcester  sewage  disposal  works  were 

the  last  reply  of  the  Board  was  made,  the  city  of 
icreased  the  capacity  of  its  sewage  precipitation  work 
ing  firBt  operated  in  July,  1893  ;  and  it  appears  froi 
intendent  of  sewers  that  the  amount  of  sewage  di 
id  treated  at  the  precipitation  works  in  the  year  en 
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1894,  averaged  about  12,500,000  gidlooa  per  day,  and  that  a  porUoQ  of 
the  sewage  at  times  of  high  flow  in  the  brook  escapes  iDto  the  river  wiUi- 
OQt  treatment. 

The  population  of  the  city  of  Worcester  has  inci'eased  sinc«  1886  about 
thirty-nine  per  cent.,  and  the  total  length  of  sewers  has  increased  during 
that  time  about  eighty-seven  per  cent.,  from  which  it  would  be  reasonable 
to  conclude  that  the  amount  of  sewage  discharged  by  the  sewers  has 
doubled.  It  appears  from  the  repoit  of  the  superintendent  of  sewers  tbaty 
on  an  average,  about  fifty  per  cent,  of  the  organic  matter  is  removed  from 
the  sewage  by  treatment  at  the  precipitation  works ;  and,  taking  into  con- 
sideration the  fact  that  a  portion  of  the  sewage  escapes  into  the  river  with- 
out treatment,  it  would  be  expected  that  the  amount  of  organic  matter  dis- 
charged into  the  river  in  the  sewage  and  effluent  of  the  city  of  Worcester 
is  as  great  as  in  1886. 

As  a  means  of  determining  the  condition  of  the  river  from  time  to  time, 
the  Board  has  continued  its  regular  examination ;  and,  in  order  to  compare 
the  condition  of  the  river  in  1895  with  that  existing  before  the  last  reply 
was  naade,  the  Board  has  caused  a  special  examination  of  the  river  to  be 
made  by  means  of  numerous  chemical  analyses  of  samples  collected  at 
various  points  and  at  frequent  intervals  during  the  week  ending  Sept.  11, 
1695,  corresponding  to  an  examination  made  in  the  week  ending  July  29, 
1891.  From  the  results  of  these  investigations  the  Board  finds  that  the 
condition  of  the  river  below  the  point  of  discharge  of  the  effluent  from  the 
precipitation  works  and  in  the  town  of  Millbury  is  practically  the  same  as 
it  was  at  the  time  when  the  last  reply  was  made. 

The  Worcester  precipitation  works  have  been  conducted  under  the  direc- 
tion of  skilled  engineers  and  chemists,  and  the  percentage  of  organic 
matter  removed  from  the  sewage  treated  at  the  works,  even  on  the  scale 
required,  has  doubtless  been  as  great  as  it  is  practicable  to  attain  by  chem- 
ical precipitation  atone.  As  the  city  grows  and  the  amount  of  sewage  in- 
creases, the  amount  of  organic  matter  discharged  into  the  river  will  also 
necessarily  increase,  unless  a  more  complete  purification  of  the  sewage  is 
made. 


Lake  Quin8igamond.  The  Bolectmeii  of  Shrewsbury  called  the 
attentioi)  of  the  Board  July  1,  1895,  to  the  possible  pollution  of 
Lake  Quinsigamond  (which  lies  partly  in  Shrewsbury)  by  the  sew- 
age of  the  Worcester  Lunatic  Hospital.  The  Board  replied  to  this 
communication  ae  follows  :  — 

Boston,  Dec  6,  IBDO. 

The  State  Board  of  Health  has  considered  your  application  with  ref- 
erence to  tlie  pollution  of  Lake  Quinsigamond  by  the  sewage  from  the 
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»8ter  Lnnatio  Hospital,  aad  has  caused  &n  examination  of  tite  prem- 

0  be  made. 

om  present  infoi-mation  the  Board  is  not  prepared  to  give  an  opinion 
is  matter,  but  will  cause  a  further  investigation  to  be  made  during  the 
ug  year,  and  will  then  inform  you  aa  to  it«  conclnsions. 

IKE  Chaunct.  The  following  communication  was  received 
the  selectmen  of  Northborough  Sept.   17,  1895:-^ 

NOBTHBOBODOH,  H&s*.,  8«pt.  17,   IB99. 

EKTLEHEK :  —  FoF  a  number  of  months  the  sewage  of  the  Westborough 
le  Hospital  has  been  discharged  directly  and  without  treatment  into 
Chauncy,  one  of  the  great  ponds  of  the  State,  and  within  the  limits 
is  town. 

e  respectfully  ask  you  to  examine  the  premises,  and  if,  in  your 
an,  the  conditions  are  prejudicial  to  health  or  comfort,  to  take  such 

1  OS  may  be  necessary. 

Respectfully, 

(Signed)  Crans  H.  Mehtzer, 

Edwin  S.  Corey, 
Jahes  S.  Learned, 

Selectmen  of  Northborough. 

consequence  of  this  letter  the  following  communication  n'as 
to  the  trustees  of  the  Westborough  Lunatic  Hospital,  and  a 
of  the  same  was  also  sent  to  the  selectmen  of  Northborough  :  — 

BosTOH,  Dm.  S,  1896. 
formation  has  been  received  from  the  selectmen  of  Northborough  that 
nnmber  of  months  the  sewage  of  the  Westborough  Insane  Hospital 
leen  discharged  directly  and  without  treatment  into  Little  Chauncy 
.  The  investigations  made  by  the  Board,  through  one  of  its  engi- 
,  show  that  such  is  the  case,  and  that  there  is  strong  evidence  that  this 
tion  has  existed  (or  a  considerable  time. 

is  method  of  disposal  of  the  sewage  causes  the  serious  pollution  of 
Cbanncy  Pond  and  the  stream  flowing  from  it  through  Northborough 
lie  Asaabet  River,  and  is  a  menace  to  the  public  health.  It  is  not, 
r  sense,  a  proper  method  of  disposing  of  the  sewage  from  this  insti- 
.,  and  ahonld  not  be  allowed  to  continue. 

1887  the  trustees  of  the  hospital  requested  the  Board  to  examine  the 

ftge  system  of  the  hospital  and  recommend  a  proper  method  of  dis- 

After  careful  examination  of  the  premises  by  the  engineer  of  the 
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Board,  a  reply  was  made  to  the  effect  that  the  moat  suitable  method  of  dis- 
posal waa  npon  land  situated  on  the  opposite  aide  of  the  brook  leading  from 
Channo;  Pond  to  Little  Channcy  Pond. 

A  few  montliB  later  a  general  plan  for  a  system  of  sabeuiface  dieposal 
was  presented  by  yon  through  yonr  engineer,  which  provided  for  disposal 
upon  a  tract  of  land  npon  the  side  hill  north-westerly  from  the  hospital. 
From  inspection  of  the  area  upon  which  it  was  proposed  to  dispose  of  the 
sewage,  it  did  not  appear  to  the  Board  that  it  was  adapted  to  the  purpose.; 
but  after  giving  a  hearing,  at  wtiich  your  engineer  explained  the  nature  of 
the  ground  on  which  it  was  proposed  to  dispose  of  the  sewage,  and  the 
general  features  of  the  plan,  it  appeared  from  his  account  that  the  material, 
as  showa  by  the  trial  pits,  proved  to  be  so  much  better  adapted  to  the 
filtration  of  sewage  than  inspection  of  its  surface  promised,  that  the  com- 
mittee on  water  supply  and  sewerage  of  the  Board  saw  no  reason  to  doubt 
that  the  sewage  of  the  hospital  could  be  disposed  of  upon  it  without  risk  to 
the  health  of  the  inmates  or  the  public.  Your  engineer  declined  to  explain 
the  details  of  the  method  of  disti'ibutiou,  and  the  Board  expressed  no 
opinion  upon  this  subject. 

Since  it  now  appears  that  the  sewage  is  not  purified  by  this  method,  and 
it  is  very  improbable  that  with  such  soil  as  that  of  which  the  field  is  com- 
posed the  sewage  could  be  properly  disposed  of  under  the  most  favorable 
circumstances  by  subsurface  irrigation,  the  Board  advises  that  you  convey 
the  sewage  across  the  brook,  and  dispose  of  it  by  filtration  upon  the  tract 
of  land  which  investigation  has  shown  to  be  available,  in  general  accord- 
ance with  the  advice  of  the  Board  contained  in  the  communication  addressed 
to  you  May  9,  1887,  previous  to  the  adoption  of  the  present  system. 

The  Board  will,  on  application,  advise  you  further  as  to  the  details 
of  a  plan  for  the  satisfactory  disposal  of  the  sewage,  if  you  desire  it. 


Examination  of  Watee  Supplies. 


EXAMINATION  OF  WATER  SUPPLIES. 


EXPLANATORY    NOTE. 

The  sTStematlc  examlnatloD  of  tbe  water  suppUea  of  the  State  was  begun  Jane  1 , 
1S87,  and  has  been  contloQed  up  to  tb«  prtMDt  time.  The  results  of  the  inTestl- 
gatlotu  made  during  tbe  flrst  two  yeara  were  publliihed  In  a  special  report  of  the 
Board  DpoQ  the  ExamlnattoD  of  Water  Supplies  (1S90),  and  of  those  made  during 
succeeding  years  In  tbe  auunal  reports  of  tbe  Board  beglnulng  with  tbe  1890  (Twenty- 
second  Annual)  report. 

Tbe  special  report  contains  a  deacrlptlou  of  each  of  the  water  supplies  tu  tbe 
SLata  existing  at  tbe  date  of  that  report,  and  the  annual  reports  contain  descriptions 
of  new  worka  and  changes  In  eilatlag  works. 

In  all  of  these  reports  an  alphabetical  arrangement  by  towns  has  been  adopted. 
Sources  of  water  supply  are  tabalated  under  tbe  name  of  tbe  town  supplied,  other 
waters  under  the  name  of  the  town  la  which  they  are  situated.  The  analyses  of 
water  fVom  the  larger  rivers  not  used  as  sources  of  water  supply  are  glTen  in  a  sub- 
sequent  tabulation,  beaded  "  ExamlnaUon  of  Rivers." 

Tbe  method  of  making  the  chemical  examinations  remMne  UDchanged,  and  tbe 
results  are  presented  In  the  tables  of  tbia  report  In  the  same  form  as  In  the  last  one. 

The  samples  of  water  are  Dsually  received  at  tbe  laboratory  from  twenty-four  U> 
forty-eight  hours  after  collection.  All  surface  water  and  sucb  aamples  of  ground 
water  as  contain  suspended  matter  are  Altered  through  fliter-paper  before  detarmln- 
lug  tbe  color,  tbe  residue  on  evaporation  and  the  albuminoid  ammonia  In  solution. 
Some  ground  waters  which  are  perfectly  clear  and  colorless  when  drawn  from  the 
ground  become  turbid  and  colored  on  standing,  in  consequence  of  tbe  oxidation  of 
the  Iron  which  they  contain.  In  these  waters  the  realdne  on  evaporation  is  deter- 
mined without  nitration,  since  this  Iron  la  an  easentlal  and  not  an  accidental  Ingre- 
dient In  tbe  water.  In  tbe  changes  which  accompany  the  oxidation  of  the  Iron  In 
waters  of  this  character,  they  become  first  cloudy  (well  described  by  the  word 
mOt]))  and  Anally  deposit  a  precipitate  of  oxide  of  Iron.  In  tbe  cloudy  condition 
they  tiave  a  distinct  color,  whlcb  while  It  does  not  have  the  same  slgnlflcance  as  In 
the  case  of  surface  waters,  and  la  only  a  pasalng  phenomenon,  Is,  nevertheless,  of 
interest  as  showing  a  color  wblcb  tbe  water  may  assume  while  tbe  oxidation  of  the 
Iron  Is  In  progress.  When  tbe  Iron  Is  all  oxidized  and  precipitated  tbe  water  may 
become  colorless  afEalo.  Explanatory  notea  will  be  given  for  waters  of  this  kind 
In  connection  with  the  tables  of  analyses. 

The  color  of  water  Is  expressed  by  numbers  which  Increase  with  the  amount  of 
color.  The  standard  nsed  Is  neaslerlzed  ammonia,  as  described  on  page  G31  of  the 
Special  Report  upon  tbe  Examination  of  Water  Supplies,  1B90,  and  on  page  329  of 
tbe  Annoal  Report  for  1S9S,  Boston  water,  as  drawn  from  a  tap  at  tbe  Institute  of 
Technology,  bad  an  average  color  In  1896  of  0.T3.  Other  water  supplies  la  the 
State  have  had  an  average  color  of  Ih>m  0  to  1.80. 
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'.a  cases  where  eiamlnatious  of  a  soarce  bave  been  made  with  considerable 
ilarit;  for  several  years,  the  averagea  of  the  chemical  analyses  of  each  year  are 

There  was  no  change  Id  the  method  employed  In  the  microscopical  examtnatioa 
prater  between  Nov  6,  1890,  and  Dec.  1,  1R9G.  The  metbod  employed  between 
le  dates  Is  fully  described  In  the  Twenty-third  Annual  Report  of  the  Board  for 

year  1891  (pa{{es  S9S-43I).      Before  Nov.  6, 1890,  the  methods  employed  were 

perfect,  so  that  a  smaller  proportion  of  the  total  namber  of  organisms  present 
he  water  was  separated  from  It  and  observed  under  the  microscope  {  and,  before 
wing  conclusions  from  a  comparison  of  tbe  microscopical  eiamlaatlons  of 
era  made  before  and  after  this  date,  the  explanatory  note  on  page  70  of  the 
enty-second  Annnal  Report  for  1890  should  be  read. 

Since  Dec.  1,  1696.  the  method  for  the  m I croacoptcal  analysis  of  water  has  been 
siderably  Improved  by  discarding  the  ordinary  glass  fnnnelB  prevlouBly  employed 

substituting  funnels  which  have  beea  constracted  with  stems  of  equal  calibre, 
;lve  equal  rates  of  nitration,  and  with  steeper  sides,  so  that  those  organisms 
ich  are  of  a  gelatinous  character  will  be  less  liable  to  adhere  to  the  sides  of 

funnel.  By  the  use  of  these  ninnels  variations  tn  tbe  numbers  of  organisms 
nd,  which  may  be  caused  by  dlsslmlhtr  stapes  of  the  sides  of  the  funnels  and 
qual  rates  of  nitration,  are  avoided. 

To  Indicate  the  amonnt  of  the  so-called  ZoBglaa  observed,  the  number  of  indl- 
ual  masses  is  not  counted,  but  an  area  equal  to  3. GOO  square  microns,  or  .0036 
lare  millimeters,  has  been  adopted  as  an  arbitrary  unit. 

In  publishing  the  results  of  the  microscopical  examinations  the  same  system  Is 
lowed  as  last  year.  The  plnnts  observed  are  classIQed  In  four  groups,  viz. : 
itomacete,  Cyanophycete,  Algte  and  Fungi.  The  animals  observed  are  grouped 
IlhlEopoda,  Infusoria,  Vermes  and  Crustacea. 

The  names  of  the  different  genera  In  each  group  are  given  with  the  numbers  of 
:h  per  cubic  centimeter,  except  that,  to  avoid  making  the  tables  excessively  long, 
y  are  omitted  when  present  only  in  very  small  numbers.  It  Is  not  feasible  to 
Ice  with  regard  to  omissions  a  single  rale  which  will  apply  to  all  cases,  because  It 
lesirahle  to  Include  smaller  numbers  of  animals  than  of  plants,  and  of  tbe  larger 
mals  than  of  anlmaU  generally.  Moreover  there  are  exceptional  cases  In  which 
s  desirable  to  indicate  the  presence  of  even  very  small  nnmbers  of  the  more  Im- 
plant plants  or  animals.  Two  general  rules,  however,  have  been  adopted  In 
nting  the  results,  viz. ;  — 

1.  All  genera  of  plants  are  Included  In  which  the  total  number  ot>served  In 
Blve  months  amounts  to  6  or  more  per  cubic  centimeter,  or,  tn  other  words,  aver- 
ts as  much  as  0  G  per  month. 

2,  Al!  genera  of  animals  are  Included  In  which  the  total  number  ot>served  In 
elve  months  amounts  to  1.6  or  more  per  cubic  centimeter. 

The  larger  microscopic  animals,  such  as  some  of  the  Crustacea,  are  Included, 
>n  when  present  only  In  very  small  nnmbers. 

Fractions  are  generally  omitted  from  the  table,  the  nearest  whole  number  of 
nanisms  per  cubic  centimeter  being  given.  Where  the  total  number  of  organlsma 
lerved  is  0.6  or  less,  the  fact  that  the  organism  was  present  Is  usually  Indicated 
the  abbreviation  "  pr.,"  but  to  the  case  of  the  larger  organisms  very  small  frac- 
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Oiemicat  Examination  of  WaUr  from  Tubular  Test  WelU  in  Aelon. 

[Pmit*  per  lOQ.OOO.] 
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Chemical  Examination  of  Water  from  Fort  Pond,  Littklon,  and  Magog  Brook  and 

Magog  Pond,  Adon. 

[P>ru  per  loo.ooo.] 
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Water  Sdpplt  of  Adams  Fike  Distbiot,  Adams. 

The  advice  of  the  State  Board  of  Health  to  the  Adams  Fire  Die-, 
trict  with  reference  to  an  additional  supply  of  water  may  be  foand 
on  pages  10-13  of  thia  volame. 

The  present  sources  of  supply  are  Bassett  and  Dry  brooks,  on 
each  of  which  there  is  a  small  reservoir.  An  auxiliary  supply  is 
obtained  from  a  well  of  the  Renfrew  Manufacturing  Company  in  the 
village,  and  during  the  drier  portion  of  18d5  a  small  additional 
quantity  of  water  is  aaid  to  have  lieen  pumped  from  tubular  wells 
at  the  Zylonite  Works  in  the  northerly  portion  of  the  village. 

The  results  of  analyses  of  samples  of  water  from  these  sources 
and  from  other  sources  investigated  with  reference  to  an  additional 
water  supply  for  the  Fire  District  are  given  in  the  following  tables. 


Chemical  Examination  of  Water  from  Battett  Brook,  Adamt. 

[Put*  p<I  100,000.] 
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ADAMS. 

Chemical  Examtnatfon  of  Water  firom  Dry  Brook  in  Adams  and  Chethire. 

[Puu  p«T  100,000.1 
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CAemieal  Examination  of  Water  from  the  Well  of  the  Renfrew  Manufacturing 
Company,  Adami. 

[Pait*  par  n»,0OO.] 
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lUKV, 

al  Examinatiim  of  Water  from  TWtular  Wellt  supplying  Open  Basins 
near  Main  SlreeL 
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Microscopical  Examination. 


al  Examination  of  Water  from   Thirty-six  Tubular  Wells  near  Market 
t,  and  from  an  Open  Distributing  Seservoir  supplied  from  these  Wells. 

[PiiU  per  100,000.] 
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AMBSBUBT. 

Chemical  Examination  of  WaUr  fivm  a  Tubular  Test  WeU  in  Amesbury. 

[Put!  par  100,000.] 
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Chemical  Examinalion  of  Water  from  Kimbairt  Pond,  Amesbury. 

[Put*  per  lOO/OO.] 
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Watee  Supply  of  Andovee. 


Chemical  Examinaiiim  of  Water  from  BaggeWa  Pond,  Andover. 

[PuU  par  100,000  ] 
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Watee  Sopplt  of  Aelington. 
Works  for  tbe  supply  of  the  hi|;hflr  portions  of  tbe  town  were 
completed  in  tbe  early  part  of  1895.  Tbe  supply  is  drawn  from 
twenty-five  2^iach  tubular  wells  located  at  the  edge  of  tbe  Great 
Meadows,  near  the  Boston  &  Maine  Eailroad,  opposite  the  East  Lex- 
ington station.  Tbe  wells  bave  an  average  depth  of  about  35  feet. 
Water  is  forced  from  the  wells  to  a  covered  iron  tank,  40  feet  in 
diameter  and  60  feet  high,  situated  on  Arlington  Heights.  Tbe 
capacity  of  this  tank  is  565,000  gallons. 


UNATION  OF  WATER  SUPPLIES. 


ASHBURNHAM. 

nation  of  Water  from  Upper  Naidctag  Pond,  Ashburnham. 
[HumlwT  ol  orgulaiu  par  anbU  MBtla*Mr.] 
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Water  Supply  op  Babbe. 

Population  in  1895,  2,278.  Ttie  works  are  owned  by  the  Ban 
Water  Company  and  were  completed  in  October,  1895.  The  Bourc 
of  supply  is  a  small  storage  reservoir  la  the  northerly  part  of  tfa 
town  in  which  the  water  from  several  springs  in  the  vicinity  is  co 
lected.  Water  from  springs  in  another  watershed  is  also  diverte 
into  this  reservoir  by  means  of  TOO  feet  of  open  trench  and  aboi 
2,100  feet  of  earthern  pipe. 

The  combined  watersheds  tributary  to  the  storage  reservoir  cor 
tain  about  275  acres  of  hilly  country,  half  of  which  is  wooded,  th 
remainder  being  largely  pasture  land.  There  are  a  few  houses  o 
the  watersheds. 

The  storage  reservoir  was  made  by  excavating  in  a  depression  an 
building  a  dyke  around  the  edges,  material  for  the  dyke  being  take 
from  the  excavation.  The  bottom  of  the  reservoir  is  of  hard  pat 
Its  area  when  full  is  4.25  acres,  its  depth  10  feet,  and  its  capacit 
10,000,000  gallons. 

Water  is  distributed  by  gravity.  Distributing  mains  are  of  cai 
iron  and  service  pipes  of  wrought  iron  lined  with  cement. 

The  advice  of  the  State  Board  of  Health  to  the  Barre  Water  Com 
pany  relative  to  taking  water  from  this  source  as  a  public  wate 
supply  may  be  found  on  pages  8  and  9  of  the  annual  report  fo 
1894,  and  analyses  of  samples  of  water  collected  during  the  invest! 
gation  with  reference  to  a  water  supply  may  be  found  on  page  83  o 
the  same  volume. 

Water  Supply  op  Belmont. 

(See  Waterlown.) 

Water  Supply  op  Beverly. 
(See  SaUm.^ 

BrLLEBlOA. 

The  advice  of  the  State  Board  of  Health  to  J.  Nelson  Parker  an 
others  of  the  town  of  Billerica,  with  reference  to  the  use  of  Nutting 
Pond  in  that  town  as  a  source  of  public  water  supply,  may  he  foun 
on  pages  14  and  15  of  this  volume.  Analyses  of  samples  of  watc 
collected  at  different  parts  of  the  pond  are  given  on  the  followin 
page. 
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Biter  Sdpplt,  — Microscopical  Examination  of  Water  from  Setervoir 
No.  4,  Ashlaad. 
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BOSTOS. 

SoDBL'RY  RiTER  ScppLT. —  Chemical  Examinaiion  of  Water  from  WaUxr's 
Brook,  Marttorough. 

[Parti  per  100,000.] 
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BOSTON. 

SUDBOBT  RiTER  SoppLT. —  Chemical  Examinaiion  of  Water  frtim  Beaervoir 
No.  3,  Framingham. 

(P»rU  p«  100,000.] 
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>9TON. 

CDBtRY  River  Supply.  —  Microscttpiciti  Examination  of  WtUtr  from  Beser- 
voir  No.  3,  Framingham. 
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BOSTON. 

CocBiTOATK  Sv¥n.r.  —  3lieroaeopieal  Examination  of  Water  from  Lake 
CoehUuale,  in  Wat/tatid. 

[ITDiiolMr  ororfBDliina  par  eqblo  Mntlmeur.] 
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BOSTON. 

COCHTTUATB  WoRKB.  —  Chemical  Examination  of  WcOer  Jrom  a  Faucet  al  (Ae 

Massac&tuetlt  Itulituie  of  l^cAnohgy,  Boston. 

[PBiupw  100,000.] 
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lOSTON. 

locHiTUATE  Works.  — Uicroscopieal  Examinaliort  of  Water  from  a  Faueel  at 
the  Massackuaett*  Institute  of  Technology,  Boston. 
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BOSTON. 

Mystic  Supply.  —  CTwnfcoI  Examinalion  of  Water  from  MyUie  Lake. 
[P»rtii  i*r  100,000.] 
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IvsTiC  SUPPLT.  —  Microacopical  Examinalion  of  Wattrfrom  Sfgalic  Lake. 

[NuiDbcr  ot  oronlcn*  pe'  ""ble  aaDtlnwtlr.] 
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BOSTON. 

Mtstic  Scpplt.  —  Chemical  Examiwition  of  Water  from  a  Faucet  in  the 
Charlestoum  District  of  Boston. 

[Part*  p«  ll»,aOD.] 


1 

A^^c, 

"i?."iiJ' 

AHHani. 

, 

,„„.„ 

1 
s 

I 

1 

. 

1 

1 

i 

1 

1 

1 

i 

1 

A 

1 

IWT* 

1MB. 

Feb.  ai 

Slight. 

eiisht 

.10 

».TO 

2.M 

.iia> 

.Ol» 

,m 

.0040 

,.» 

.MM 

.». 

.2UT 

•.T 

Odor,  drcldedly  man;  aod  vorf 


collected  U  U»  et 


Microscopical  Examination. 
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TaNe  ihffming  the  Heights  in  Ftti  above  Tide-marsh  Level  on  the  First  of  Each 
Month  of  the  Water  in  the  Lakes  and  Storage  Reservoirs  of  the  Boston  Water 
Works,  from  which  Samples  of  Water  were  collected  during  the  Fear  189S. 
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Water  Supplt  of  Bradford. 

The  advice  of  the  State  Board  of  Health  to  the  Bradford  Water 
Company,  relative  to  the  introduction  of  a  new  supply  from  John- 
son's Pond  in  Boxford  and  Groveland  and  as  to  the  improvement  of 
the  existing  supply,  is  given  on  pages  15  and  16  of  this  volume. 
Analyses  of  samples  of  water  from  Johasoa's  Pond  may  be  found  on 
pnge  164  of  the  annual  report  for  1894. 

The  works  of  the  Bradford  Water  Company  were  taken  by  the 
town  of  Bradford  on  April  1,  1895,  and  works  for  the  introduction 
of  a  new  supply  from  Johnson's  Pond  were  partially  constructed  at 
the  end  of  1895,  but  aa  yet  do  water  has  been  supplied  to  the  town 
from  this  source. 
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The  rapid  deterioration  of  the  water  of  the  wells  from  which  the 
>ply  is  drawn,  which  has  been  referred  to  in  the  last  two  annual 
>orts,  continued  during  1895,  as  shown  by  the  table  of  yearly 
irages  of  analyses  of  water  from  this  source,  which  is  given  at  the 
ttom  of  this  page. 

mical  Examination  of  Water  from  the  Wells  of  the  Bradford  WaUr  Worla. 
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Microicopical  Examination. 
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braintree. 
Water  Sdpplt  of  Braintree. 
In  August,  September  and  Octolwr  the  water  from  the  Braiotree 
filter-gallery  was  aBected  by  the  presence  of  an  excessive  amount  of 
iron,  as  will  be  seen  by  reference  to  the  analyses  in  the  table  below. 
The  iron  oxidizes  on  exposure  to  the  flir  and  precipitates,  causing 
first  a  milky  turbidity  and  then  a  rusty  precipitate.  Information  as 
to  the  eflect  of  the  presence  of  iron  in  ground  waters  may  be  found 
in  the  explanntory  note  on  page  75. 

Chemical  Examinaiton  of  WaUr  from  the  Ftlltr-gallery  of  Ike  Braintree  Water 
Works. 
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BRAINTREE. 

Microscopical  Examinalion  of    Water  from  the  FilUr-galUry  of  the  Brainlree 
Waier  Worlv. 

[Knmbtr  of  argiolsoi*  per  enbU  CMKImetsr.] 
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Water  Supply  op  Bridqewater  axd  East  Bridgewater.  — 

Bridoewaters  Water  Company. 
During  the  year  1895  nine  tuhulnr  wpIIx,  each  6  inches  in  diame- 
ter, were  added  to  the  works.  These  wells  are  lociited  ahout  1,000 
feet  oast  of  the  pumping  station,  in  a.  line  at  right  nngles  to  the  course 
of  the  river,  and  are  alrout  200  feet  apart  in  the  line.  They  are 
from  90  to  lt>5  feet  in  depth  and  ore  sunk  in  rock,  the  surface  of 
which  is  from  30  to  50  fi'ot  beneath  the  sm'fnco  of  the-  ground.  An 
analysiij  of  a  sample  of  water  from  one  of  the  wells,  which  is  160 
feet  deep,  is  given  on  the  following  page. 

Ckemieal  Exaininaiion  of  Water  from  the  Weils  of  the  Bridgewaters  Water 
Company. 

[Parti  p«[  100,000.1 
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BBIDGBTWATER  AMD  EAST  BBIDGEWATEIl. 

Chemical  Examination  of  WaUr  from  a  New  Tubular  Well  of  the  Bridgewalers 
Water  Company. 

[Pirti  par  lOO.OOCI.] 
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Water  Sopplt  of  Brocktox. 
Chemical  Examination  of  Water  from  Salisbury  Brook  Storage  Reservoir, 

Brockton. 
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BROCKTON. 

Microscopical  Examination  of  Water  from  Salisbury  Brook  Storage  Beservoir, 
Brockton. 
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BBOCKTON. 

U  of  Water  in  SaXisbury  Brook  Storage  Reservoir,  Brockton, 
on  the  First  Day  of  Each  Month  in  1895. 

{SoTB.  -Hl(h-irml«  mvk  I*  U.2S  fcM.] 
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'Q,  may  be  found  on  pages  16  and  17  of  this  volume, 
pies  of  water  collected  during  the  inveHtigation  for 
jply  are  given  below. 

Examination  of  WaUr  frora  South  Pond,  Brookfield. 


».»» 

"ir 

j 

»™„ 

1 

i 

6 
1 

1. 

1 

1 

i 
f 

i 

1 

1 

1 

i 

i| 

1 

OODI. 

Blight. 

.2! 

... 

0.M 

.0000 

••'" 

1 

oios  oon" 

.0000 

.0000 

.0000 

.0000 

•■™ 

1.9 
0.8 

n  Ifaa  pond,  u  tbe  ooUet;  tlw  Moood,  D( 


lalion  of  Waie: 

[Number  olnrKi 


M. 

14 

123  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

BBOOKFIBLD. 

Chtmical  ExamimUion  of  Waler  from  Rux't  Mill-pond,  Brookfield. 

[Porta  per  100,000.] 
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Microscopical  Evaminaiion. 
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Water  SorPLr  of  Beookline. 

Chemical  Examtnatton  of  Water  from  a  Faiiret  at  the  Low-service  Pumping 

Station  of  the  Brookline  Water  Worka. 

[Parti  par  100.000.] 
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Mieroicopical  Examination. 
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BROOELINB. 

Chemical  ExamituUion  of  Water  from  the  Covered  Rtaervoir  of  the  Brookline  Wattr 
Works. 
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Microicopical  Examination. 
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CAemtcaf  Examination  of  Water  from  Ckarle*  Biver,  opposite  the  Filter-gi 
of  the  Brookline  Water  Works  at  West  Boxbury, 

[Part*  per  100,000.] 
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cambridge. 

Water  Sopplt  op  Cahbridob. 
Chemical  Examinalion  of  Water  from  Fresh  Pond,  Cambridge. 
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CAMBnrDoic 

Microaeopieai  Examination  of  WtUerfrom  Fresh  Pond,  Cambridge. 
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T(^le  Showing  Heights  of  Water  in  Fresh  Pond  and  in  Stony  Brook  S 
voir  on  the  First  Day  of  Each  Month  in  1895. 
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CHICOPKE. 

(^miical  Examination  of  Water  from  Morion  Brook  Reservoir,  CMcopet. 
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•from  Oie  Fawderhom  Brook  Reservoir,  Chieopee, 
[ParW  pw  lOO.DCW.] 
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CLINTON. 

Water  Sitpflt  op  Clinton, 

(Conical  Examinaiion  of  Water  from  the  Soureei  of  Supply  of  the  Clinton  Water 
Worka,  SUrling. 
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Miliroicopical  Examination  of  Water  frwn  the  Soureei  of  Supply  of  the  Clinton 
WaUr  Worlu,  Sterling. 
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CLINTON. 

Mieroacopicat  Examination  of  Waitr  from  the  ClitUon  Waier  Workt — Concluiled. 
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Water  Supply  of  Cohasset. — Cohasbet  Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Cohasset  Water 
Company  relative  to  increasing  its  water  supply  may  be  found  on 
page  17  of  this  volume.  Analyses  of  water  from  present  sonrces  of 
supply  and  of  samples  collected  during  the  investigations  for  8d 
additional  water  supply  are  given  on  succeeding  pages. 
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COHA39ET. 

Chemieai  Examination  of  Water  from  tht  Tuinilar  WelU  of  the  Cohtisset  Water 
Company, 
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CONCORD  AUB  UNCOLK. 

Mieroseopicai  Examination  of  Water  from  Sandy  Pond,  Lincoln. 

[ETumbcr  of  orgMilaiD*  p»t  ooMa  aioUmatsr.] 
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KASTON, 

Wateb  Supply  op  North  Easton  Village  Disteict,  Easton. 

Chemical  Examination  of  Water  from  the  Well  of  the  North  Easlon  Village 
IHslria. 
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Edgaetown. 
The  iidvice  of  the  State  Board  of  Health  to  Joseph  K.  Nye,  rela- 
tive  to  takiDg  the  water  of  certain  eprings  in  Edgartown  for  a  public 
water  supply  for  that  town,  may  be  found  on  page  20  of  thie  Tolume. 
ADalyees  of  samples  from  Lily  Pood  and  from  tubular  test  wells  in 
Edgartown  are  given  in  the  following  tables. 


CAcmical  Examination  of  Water  from  Lily  Pond,  Edgartown. 
[P*ru  par  loo.ow.] 
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FAIRHATEN. 

Water  Supply  of  Yatkbavkv.  —  Fairhaven  Water  CouPAwr. 

Chemieal  Examination  of  Water  from  lAe  Tubular  WetU  of  the  Fairhaven  Water 

Company. 

[Pirta  par  100,000.] 
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FITCUBUItQ. 

Watek  Supply  op  FiTceBUBG. 
Chemical  JExaminaiion  of  Water  _from  Scott  Beservoir,  FUchburg. 

[Put*  pn  lOO.tOD] 
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ATION  OF  WATER  SUPPLIES. 
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rrrcHBUBQ. 

Chemical  Examtnalum  of  Water  Jrrnn  Meeitng-hotue  Pond,  Weslmiruler, 

[PaiU  per  lOa.OOD.] 
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Microscopical  Examintilion  of  Water  from  Meeling-kouie  Pond,  WeHminsler, 

[ITanlwr  of  orgaolani*  par  eublo  MOllmaler.] 
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framinoham. 

Water  Supply  of  Fkamingham.  —  Framingham  Watbb 

Company. 

Chemical  Exantinaiion  of  Water  from  the  FiiUr-gaiUry  of  the  Framingham 

WaUr  Company. 

[ParU  p«r  lOO/WO.] 
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Chemical  Examination  of  Water  from  a  Faucet  in  South  Framingham,  t\ 
from  the  Works  oJ  the  Framingham  Water  Company. 

[Parli  per  100,000.] 
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AMINGHAU. 

zroacopical  Examination  of  Water  Jrom  the  Underdrain  beneath  the  Sewers  at 
Framingham. 

[Hiimti*!  ol  orgHDlanu  par  cable  omlmeMr.] 
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Water  Supply  of  Fbanklin.  —  Fbanelin  Water  Company. 
emical  Examination  of  Water  from  the  Wells  of  the  Franklin  Water  Company. 

[P«iti  per  100,000.] 
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QLOUCESTEB. 

Microscopical  Examinaiion  of  Water  Jrom  Wailace  Fond,  Gloueetter. 

[Number  of  orgHilnM  par  eobla  oanUmtler.] 
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OLOnCESTER. 
Chemical  Examination  of  Water  from  Various  Surface  Water  Sources  in  Qloucester. 

[Puu  p«  100,1X10.] 
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Microscopical  Examination. 


Water  Supply  or  Graetton.  —  Graiton  Water  Company. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  Ihe  Qraflon  Water 
Company. 

[Parta  par  100,000.] 
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Water  Supply  of  Greenpiexd. 
early  part  of  1895  a  pumpiDg  statioD  waa  erected  on  tbe 
jreen  River,  id  order  to  obtain  an  auxiliary  supply  from  the 
t  DO  water  was  drawD  from  this  eource  for  the  supply  of  the 
JDg  the  year. 

Ivice  of  the  State  Board  of  Health  to  the  town  of  Green- 
h  reference  to  the  use  of  GreeD  River  as  a  source  of  addi- 
ter  supply  for  the  towD,  may  be  found  on  pages  23  and  24 
ilume.  Analyses  of  samples  of  water  from  this  source  may 
OD  page  382  of  the  anaual  report  for  1894. 


Gboton. 
ivice  of  the  State  Board  of  Health  to  the  town  of  Groton 
o  a  public  water  supply  for  the  towu  may  be  found  on  pages 
)  of  this  volume.  Analyses  of  samples  of  water  collected 
ous  sources  in  the  town,  in  connection  with  the  investiga- 
he  Board,  are  given  in  the  following  tables. 


emieal  Examtnatton  of  Water  from  Baddaeook  Pottd,  Groton. 
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HATFIELD. 

Chemical  Examination  of  Water  from  Running  Outter  Brook,  Bat_field. 

[Pirt>  per  IIM.DIW.] 
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Mieroseopical  Examination. 

DtaloiDuaB,  (htwtult,  I,    AlsB,  iVotDCVCCiH,  1.    Total,  3. 


Water  Supply  op  Haverhill. 

In  189.5  an  additional  supply  of  water  was  iutroduced  into  the 
city  of  Haverhill  from  East  Meadow  River  in  the  north-easterly  part 
of  the  city,  and  a  stomge  reservoir  was  constructed  upon  the  stream 
at  Millvale,  about  half  a  mile  from  the  point  where  it  enters  the 
Merrimack  River. 

The  reservoir  has  an  area  of  about  50  acres  and  a  capacity  of 
about  125,000,000  gallons.  Its  maximum  depth  at  high  water  is  15 
feet  and  its  average  depth  7  feet.  It  was  thoroughly  prepared  for 
the  storage  of  water  by  removing  the  soil,  mud  and  vegetable  matter 
Trom  the  area  to  be  flowed. 

The  water  from  this  source  ia  pumped  into  the  easterly  end  of 
Kenozu  Luke  through  a  24-inch  main  about  one  mile  in  length, 
the  surface  of  Kenoza  Lake  at  high  water  being  18  feet  above  the 
iiigh-water  level  of  the  Millvale  Reservoir. 

The  watershed  of  East  Meadow  River  tributary  to  the  Millvale 
Reservoir  has  an  area  of  7.75  square  miles,  on  Which  there  is  a 
rery  small  population.  There  is  one  smiiU  pond  on  the  watershed 
ibout  3  miles  above  the  reservoir,  and  there  ia  a  considerable  area 
}f  Bwnmp  in  the  vicinity  of  the  river,  a  large  portion  being  located 
rithin  a  short  distance  of  the  reservoir. 
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HINSDALE. 

2iicro»a)pical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Einsiale 
Fire  District  —  Coneladed. 

[Nnmlwr  of  orginliDU  per  mbla  eanllmrtar.] 
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Watee  Supply  op  Holbrook. 
(See  Baiidolph  ) 

HOLDEN. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Holdea 
with  reference  to  the  introduction  of  a  water  supply  into  that  town 
from  sources  in  the  towns  of  Rutland  and  Holdeo  may  be  found  on 
pages  28  and  29  of  this  volume.  The  results  of  an  analysis  of  a 
sample  of  water  from  Pine  Hill  reservoir  in  Holden  are  given  lielow. 
Analyses  of  water  from  Muscbopauge  Pond  in  Rutland  may  be  found 
under  Rutland. 
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BB  Supply  op  Hollistok. — Holliston  Watee  Compast. 

U  Examinalion  cf  Wai£T  from  the  Worhi  of  the  Holliston  Water  Company. 

IPuru  per  100,000,) 
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Company. 
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HOLYOEE. 

Water  Supply  of  Holyoke. 
The  advice  of  the  State  Board  of  Health  to  the  city  of  Holyoke 
relative  to  a  proposed  additional  water  supply  for  the  city  may  be 
found  on  pages  29  and  30  of  this  volume.  Analyses  of  samples  of 
water  collected  in  conuection  with  the  iavestigation  of  the  proposed 
sources  of  additional  supply  may  be  found  on  page  180. 

(^emieal  Examinaiion  of  Water  from  WhUing  Street  Storage  Seservoir,  Holyoke. 
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UDSON. 

MioToaeopieal  Examination  of  Water  from  QaUa  Pond,  Berlin, 

INamber  of  orgmDlimi  par  sabhi  nntlmetar.] 
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Wateh  Supply  of  Hdli,. 
(Sea  Hingham.) 

Wateh  Supply  or  Hyde  Park  and  Miltok.  —  H 

Watee  Company. 
Chemical  Examination  of  Water  from  Ae  Welti  of  the  Eyde 
Company. 

[PirU  par  100,000.] 
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Bn>B  PARK  AND  MILTON. 

Microscopical  Examination  of  Water  from  lAe  WcUa  of  the  Eyde  Park  Water 
Company. 
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Chemical  Examination  of  Water  from  a  Faucet  in  Milton  tupptiedfrom  the 
Works  of  the  Hyde  Park  Waier  Company. 

[PBrtaiwr  100,000.) 
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HTDE  PARK  Aim  MILTON. 

Microscopical  Examination  of  Water  Jrotn  the  Nepontel  River  at  Hyde  Park. 
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Wateb  Supply  of  Ipswich. 

Chemical  Examination  of  Water  from  Dovi'a  Brook  above  the  Storage  Beaervoir  of 
the  Ipswich  Water  Works. 

[Parti  par  KUfiM.] 
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Microscopical  Examination. 
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IPSWICH. 

Chemical  Exeaninntion  of  Water  from  the  Dow'*  Brook  Storage  Beaenioir  of  the 
Ipswich  Water  Worla. 

[PiHa  par  lOO.OOO,] 
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Microscopical  Examination  of  Water  from  the  Storage  Beservoir  of  the  Ipswich 
WaUr  Works  on  Doio's  Brook. 
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IPSWICH. 

Chemiaa  Examioalion  of  Water  from  a  Spring  in  Ipimich, 

IPirU  pur  100,000.] 
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Microscopical  Examination. 
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Watee  Supply  of  Kino8TON. 

The  advice  of  the  State  Board  of  Health  to  the  towD  of  KingdtoD 

^ith  refereoce  to  the  use  of  lead  pipea  id  the  distribution  of  the  water 

supplied  to  the  tonii  mny  be  found  oa  pages  30  to  32  of  this  volume. 
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Water  Supply  op  Lawrence. 
The  following  tables  contain  analyses  of  the  unGltered  Merrimack 
Rivei*  water,  and  of  the  filtered  water  at  the  pumping  station  and 
at  the  distributing  reservoir.  The  results  of  more  extended  chemical 
nnd  biological  examinations  of  the  water  before  and  after  filtration 
:hrough  the  sand  filter  may  be  found  in  a  subsequent  portion  of  this 
report. 
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JUieroteopical  Examination  of  Water  fn»n  the  Merrimaek  River  rUxme  Lawrence, 
oppoaUe  the  Intake  of  the  Lawrence  Water  Works. 
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LAW^RENCH. 

<3temieai  Examination  of  Water  from  the  Force  Main  at  the  Pumping  Station  of 
the  Lawrence  Water  Worka. 
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Mieroaeopieai  Examination  of  Water  from  the  Force  Main  at  the  Pumping  Station 
of  the  Lawrence  Water  Works. 

[Naidber  of  orgulama  par  oablo  ogatlmeUi.] 
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Microteopieat  Examination  of  Water  from  tJte  DiatHbulirtg  Beaervoir  of  the  Law- 
rence Water  Woria  —  CoDcluded. 
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Volume  of  Water  Jlounng  in  the  Merrimack  Biver  at  Lawrence  on  the  Dates  when 
Sampla  of  Water  were  collected  for  Anaiysit. 
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Water  Supply  op  Leicesteb. 
Tbe  advice  of  the  State  Board  of  Health  to  the  towo  of  Leicester, 
relative  to  taking  an  additional  supply  of  water  from  Asoebumskit 
Pond  in  the  town  of  Paxton,  may  be  found  on  pages  32  and  33  of 
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CBSTEB. 

volume.  The  results  of  an  analysis  of  a  sample  of  water  from 
source,  collected  in  August,  1893,  may  be  found  under  Paxton 
bis  volume. 

nicaX  Examination  of  Water  from  the  WetU  of  the  LeUuter  WaUr  Supply 
Ditlriei. 
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Water  Sdpflt  op  Lekox. 
)uring  the  year  1895  the  capacity  of  the  reservoir  on  the  brook 
lutary  to  the  Williams  River  was  increased  and  h  line  of  pipe 
structed,  by  which  water  is  delivered  to  the  town  by  gravity, 
«ad  of  being  pumped  to  the  didtributiog  reservoir  as  was 
nerly  done.  The  present  capacity  of  the  reservoir  is  estimated 
le  about  20,000,000  gallons,  iU  area  about  7  acres  and  its  depth 
n  6  to  30  feet.  The  reservoir  was  prepared  for  the  storage  of 
«r  by  removing  the  soil  from  the  bottom  and  sides. 


Water  Sdpplt  of  Leominsteb. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Leom- 
^er  with  reference  to  taking  Fall  Brook  in  that  town  as  an 
iitional  source  of  water  supply  may  be  found  on  pages  83-35 
his  volume. 
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A  small  dam  has  been  cooetructed  od  the  stream  flowing  from 
Ilaynes  Reservoir,  at  a  point  about  1,500  feet  below  the  reservoir, 
and  a  pipe  has  been  laid  from  this  dam  to  Morse  Reservoir,  a 
distance  of  about  1,100  feet.  By  means  of  this  dam  and  pipe  line 
the  water  drawn  from  Haynea  Reservoir  can  lie  diverted  into  Morde 
Reservoir,  and  during  the  drier  portion  of  1895,  beginning  with  the 
first  of  July,  the  water  drawn  from  Haynes  Reservoir  was  diverted 
into  Morse  Reservoir  and  flowed  to  the  distributing  reservoir  from 
the  latter  source.  The  deterioration  in  £he  quality  of  the  water 
of  Morse  Reservoir  in  1895,  indicated  by  the  table  of  averages  by 
years  given  below,  was  due  to  the  diversion  into  it  of  wat«r  from 
Haynes  Reservoir. 


Chemical  ExaminaUon  of  Water  from  Morse  Beservoir,  LeominsUr. 
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JtHeroaeopical  Examination  of  Water  from  Morte  Reservoir,  Leominster. 
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JUicroteopicfii  Examination  of  Waterfront  Eaynes  Baervoir,  LeominMler. 
[Hnintwc  of  orguilKD*  p«r  tnblt  egnlloielar.] 
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Chemical  Examination  of  Water  frmn  Fait  Brook,  Ltomintler. 

[FuU  p*r  100,000.] 
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Wateb  Supply  of  LExnroTON. 
The  works  of  the  Lexington  Water  Company  were  pnrcbased  by 
the  towD  Dec.  10,  lb95. 


Chemieai  Examination  of  Water  from  the  Vint  Brook  Storage  Beaavoir  of  ikt 

Lexington  Water  Works. 

[Paiu  par  100,000.] 
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copieal  Examinalion  of  Water  from  Oit  Vine  Brook  Storage  Beeervoir  of 
the  Lexington  Water  Worke. 
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Watek  Sdpplt  of  Lincoln. 

(See  Concord.) 

Water  Supply  of  Longmeadow, 
puktion  in  1895,  620.  The  works  were  built  by  the  town,  Hud 
-  WHS  first  introduced  Feb.  1, 1895.  The  source  of  supply  is 
ill  brook  near  the  center  of  the  town,  from  which  the  water  is 
ted  into  a  covered  collecting  well.  From  this  well  the  water 
ced  by  pumpa  into  an  open  iron  tank  22  feet  in  diameter  and 
et  high.  The  brook  has  a  watershed  at  the  point  of  diversion 
out  one>haIf  of  a  square  mile,  and  has  a  very  small  population 
)  watershed. 

e  collecting  well  is  30  feet  square  and  8^  feet  deep,  built  of 
nry  and  covered  with  a  wooden  roof.  Distributing  mains  are 
it  iron  and  service  pipes  of  galvanized  iron.  At  the  end  of  the 
1895  there  were  about  68  connections  with  the  mains. 
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Watee  Supply  of  Lowell. 

During  the  year  1895  a  second  system  of  tubular  wells  for 
supplying  water  to  the  city  of  Lowell  was  constructed  in  the  valley 
of  Kiver  Meadow  Brook  just  above  the  point  where  it  is  crossed  by 
the  Old  Middlesex  Canal  in  the  town  of  Chelmsford,  the  wells  being 
distant  about  a  mile  up  the  valley  in  a  straight  line  from  the  nearest 
of  the  system  of  tubular  wells  constructed  in  1892. 

The  new  system  consists  of  about  120  2-inch  wells,  averaging 
about  45  feet  in  depth.  Two-thirds  of  the  wells  are  located  in 
two  lines  12  feet  apart,  parallel  to  the  Old  Middlesex  Canal  and 
about  200  feet  south-west  of  it.  The  wells  are  25  feet  apart  in  the 
lines.  The  remaining  wells  are  located  in  two  similar  parallel  lines 
about  12  feet  apart,  extending  from  the  centre  of  the  other  lines, 
and  approximately  at  right  angles  to  them.  The  wells  in  these 
lines  are  also  25  feet  apart,  excepting  that  there  is  a  break  of  about 
300  feet  near  the  middle  where  there  are  no  wells,  the  material  at 
that  point  being  found  to  consist  of  peaty  soil  to  a  depth  ranging 
from  6  to  35  feet.  Pumping  from  this  system  of  wella  into  the  city 
mains  was  begun  April  5,  1895. 

Eighteen  wells  have  been  added  to  the  original  system  of  wells 
lower  down  the  valley. 

During  the  year  1895  aboat  66  per  cent,  of  the  water  supplied  to 
tlie  city  was  drawn  from  the  systems  of  tubular  wells  in  the  valley 
of  River  ^Meadow  Brook,  the  remainder  being  drawn  from  the 
Merrimack  River. 

The  results  of  analyses  of  samples  of  water  from  the  Merrimack 
River  and  from  the  two  systems  of  tubular  wells  in  the  valley  of 
Biver  Meadow  Brook  are  given  in  the  following  tables. 

These  results  show  that  the  water  of  the  original  system  of  tubular 
wells  in  the  valley  of  River  Meadow  Brook  just  above  Plain  Street 
has  been  somewhat  harder  than  last  year  and  has  contained  a  consid- 
erably greater  amount  of  residue  on  evaporation. 

Analyses  of  samples  from  the  new  system  of  tubular  wells  in  the 
valley  of  River  Meadow  Brook  have  been  made  once  in  two  weeks 
and  sometimes  more  frequently  since  pumping  from  these  wells  into 
the  city  mains  was  begun  in  April.  The  results  of  these  investiga- 
tions show  that  there  has  been  a  very  great  increase  in  the  color, 
residue  on  evaporation,  ammonia,  hardness  and  iron  during  the  year, 
the  maximum  being  reached  in  November.     The  iron  oxidizes  on 
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Chemical  Examinatitm  of  WaUr  from   Tubular  Well*  in  the  Valliy  of  Sioer 
Meadow  Brook,  a  Short  Di»tanee  above  Plain  Street. 
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Chemical  ExaminaUm  of  Water  from  Birch  FOnd,  Lynn. 
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C^emieai  Examiitalion  of  Water  from  a  Faucet  in  Lynn. 
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Xiervscopieal  Examination  of  Water  fnm  Spot  Pond,  Stoneham. 

[NamlMr  at  arttmBlmi  p«r  snbit  ceoUiuslcr.] 
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uichzsteb. 

Water  Sdpplt  of  Makchesteb. 
The  works  for  obtaining  a  supply  of  water  for  the  town  of  ] 
ester  were  extended  in  L895  by  einking  five  4-tnch  tubular  ^ 
the  vnlley  of  Sawmill  Brook  near  Coolidge  Spring,  a  short 
Qce  above  the  large  well.  The  wells  were  driven  to  depths  i 
5  from  27  to  34  feet,  and  water  is  pumped  from  them  throu 
nch  pipe  into  the  large  well  near  the  pumping  station. 

7hemieal  Examination  of  WaUrfrom  the  Well  of  the  MancheaUr  Water  Woi 

[FirM  iMrlOa.QCO.] 


1 

^.„,. 

Anom.. 

j 

m™„ 

J 

i 

1 

s 

F 

.1 

1 

1 

J 

law. 

N.n. 

« 

inr« 

^ 

m. 

^ 

^ 

on<i 

, 

a 

NOM. 

g.flu 

.uuw 

i.;o 

.IXK« 

-UIW 

». 

.01 

ft.n 

.0001 

.0000 

1.80 

.Oi>7 

.0000 

.01« 

^ 

Averages  by 

reart 

18M 

no 

onoi 

1  Tft 

ITM 

nooi 

, 

IBM 

" 

-uuoi 

.DOOG 

.UMJ 

.uooo 

1'"'" 

a. Tli«  umplH  w«r«  wllseWd  froD  Iba  well. 

Microia^ical  Examination. 


tmieal  Examination  of  Water  fi-om  Tubular  Weill  near  Coolidge  Spring, 
at  an  Additional  Source  of  Water  Supply  for  Manchester. 

[Paru  par  100,000.] 
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iarbi;ehkad. 

Themical  Examinaiion 


of  Water  from  Faueeta  in  UnrMeAead  supplied  fnn 
Marblehead  Waltr  Works. 


Parti  par  100.000.] 
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rhsra  iBoi*  tluD  on*  iMnpla  WM  «oll*clad  In  ■  nonih  Iba  mean  ana]]rtli  lot  Uui  m 
>r  of  Iba  Bnt  auDpla,  lalnlly  maat; ;  of  (ha  otban,  none. 

3£ierosc<^ical  Examination. 


Wateh  Supply  of  Mablborough. 

During  1895  a  storage  reBervoir  was  constructed  on  Millhi 
trook  near  its  janctioa  with  the  Aeeabet  River,  and  a  short  distai 
lelow  the  point  from  which  water  has  been  pumped  during  a  port! 
if  the  last  two  years  for  the  supply  of  the  city.  The  reservoir  I 
□  area  of  about  66  acres,  and  its  general  depth  is  about  25  fe 
ts  total  storage  capacity  when  full  is  315,000,000  gallons,  but 
he  present  arrangement  the  avuilahle  capacity  above  the  entrai 
D  the  pipe  leading  to  the  pumping  station,  which  is  14  feet  beli 
igh  water,  is  about  262,000,000  gallons.  The  area  flowed  c( 
lined  a  meadow  having  an  area  of  about  30  acres,  where  the  m 
'as  from  3  to  6  feet  in  depth.  The  mud  was  not  disturbed,  a 
le  only  preparation  which  the  surface  received  was  the  burning 
ie  grass.  The  bottom  of  the  reservoir  at  the  aides  was  stripp 
f  loam  and  vegetable  matter  atiove  a  level  10  feet  below  high  wati 
od  the  stumps  were  removed.  The  loam  taken  from  this  port! 
f  the  reservoir  was  used  in  filling  the  shallow  places,  and  w 
jvered  with  gravel  to  a  depth  of  6  inches,  making  steep  slop 
'ound  the  shores,  so  that  the  depth  is  generally  not  less  than  6  fe 

high  water.-   The  watershed,  exclusive  of  the  watershed  of  Lai 
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me,  the  present  source  of  supjily,  haa  an  area  of  about  3.5t) 
miles  and  contaios  considerable  populution,  located  chiefly  at 
per  end. 

er  from  this  reservoir  will  be  supplied  to  the  city  when  required 
Qping  at  the  present  pumping  station  on  Millham  Brook,  near 
per  end  of  the  reservoir.  By  means  of  this  pumping  station 
can  be  forced  to  the  pumping  station  at  Lake  Williams,  and 
discharged  into  the  lake  or  pumped  again  to  the  distributing 
jir  for  the  supply  of  the  city. 

iog  the  spring  of  1895  46,500,000  gallons  of  water  were 
d  from  Millham  Brook  above  the  storage  reservoir  into  Lake 
ms,  the  present  source  of  supply.  This  is  about  a  quarter  of 
al  quantity  of  water  consumed  by  the  city  during  the  year. 

Themieai  Examitmiion  of  Water  from  Lake  Williams,  Marlborough. 
[Fun*  p*riw,0M.] 
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Watbe  Sopplt  op  Medfield  Insane  Asylum. 

Examinalion  of  Water  from  a  Tubular  Well  at  the  Medfield  Intane 
Asylum. 


[r«rt.[M.fioo.()».] 
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Water  Supply  op  Medford. 
95  8  new  dam  at  Wright's  Pond  was  completed,  increasing 
age  capacity  to  about  72,000,000  gallons.     The  area  of  the 

high  water  is  now  23  acres,  and  its  average  depth  about  10 
lone  of  the  soil  was  removed  from  the  area  flowed.  The 
the  watershed,  including  the  area  of  the  pond,  is  about  191 
onsisting  chiefly  of  wood  land,  and  containing  a  very  small 
ion.  Water  from  Wright's  Pond  may  be  pumped  to  supply 
[-service  system,  or  may  be  supplied  to  the  town  by  gravity 
18  of  a  connection  with  the  main  pipe  from  Spot  Pond  to  the 

bich  passes  near  Wright's  Pond. 

nnection  with  the  high-service  system  there  is  a  standpipe 

in  diameter  and  60  feet  in  height. 

dition  to  the  supply  obtained  from  Wright's  Pond,  water  is 

at  times  for  the  supply  of  the  city  from  two  Iributaries  of 
ik  flowing  from  Wright's  Fond,  known  as  the  East  Arm  and 
ft  Arm.  The  water  from  these  sources  and  from  Wright's 
n  be  pumped  into  Spot  Pond  if  desired, 
er  information  regarding  the  water  supply  of  Medford  from 
<nd  and  analyses  of  the  water  of  this  pond  may  be  found  OD 
L?  and  218  of  this  volume. 
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mUal  Examination  of  Water  from  the  Covered  Setervoir  of  the 
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Methuen  Water 


Worki. 

[Ftm  p«r  100,000.] 
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mieal  Examination  of  Water  from  a  Faucet  in  Methuen  t 
Methuen  Water  Works. 

(Pan*  pat  100,000.] 
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SnPFLT    OF    MiDDLBBOBOUQH    FiBE    DiSTBIOT  —  MlDDLE- 
BOBOGOH. 
ExaminaUon  of  Water  from  the  Well  of  the  MiddUborotigh  Fire  District 

[Put*  p«r  100,000.] 
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Mieroieopical  Ezaminalion. 

gulim  found  la  uir  o(  tb*  (MiiplM,  (be  Urgwt  Di 


:b  Supply  op  Milfobd.  —  Muj-obd  Wateb  Cohfant. 
15  a  fitter  was  constructed  near  the  pumping  fitation,  for  the 
of  that  portion  of  the  water  supply  which  is  drawn  directly 
Charles  Biver.  The  filter  has  an  area  of  about  a  quarter 
re  and  consists  of  five  feet  in  depth  of  sand  taken  from  a 
the  immediate  vicinity.  Before  being  applied  to  the  filter 
ir  from  the  river  is  passed  through  a  small  settling  basin, 
.he  summer  of  1895  it  is  said  that  about  400,000  gallons  of 
3re  filtered  daily,  and  that  the  filt«r  was  cleaned  about  once 
ieks  when  running  at  this  rate. 
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:j.bubt. 

/"ateb  Supply  of  Millbubt.  —  MnxBDitT  Water  Company. 
^opalatioD  in  1895, 5,222.     The  works  are  owned  by  the  Millbury 
iter  Company,  and  water  was  6rst  introduced  Nov.  16, 1895.     The 
roe  of  supply  is  a  large  well  located  near  the  Millbary  branch  of 
Boston  &  Albany  Railroad,  aboat  half  a  mile  north  of  the  vil- 


?he  well  is  built  of  stone  masonry,  and  ia  20  feet  in  diameter  and 
feet  deep.  Water  is  pumped  from  the  well  into  the  mains,  and 
I  distributing  reservoir  about  two  miles  distant. 
?he  distributing  reservoir  is  circular  in  shape,  135  feet  in  diame- 
15  feet  deep,  and  has  a  capacity  of  about  1,500,000  gallons. 
B  built  of  stone,  lined  with  cement,  and  is  covered  with  a  wooden 
f. 

'he  advice  ot  the  State  Board  of  Health  to  the  Millbury  Water 
npany,  with  reference  to  the  use  of  water  from  this  source  as  a 
ilic  water  supply,  may  be  fonnd  on  page  35  of  the  annual  report 
1892. 


Watbe  Sopplt  of  MnxiS. 
'he  town  of  Millis  purchased  the  works  of  the  Millis  Water  Com- 
y  in  1894  and  took  possession  of  them  on  Jan.  1,  1895. 

Ckemieal  Escamination  of  Water  from  lAe  Aqua  Bex  Spring,  MiUit. 

[Puta  par  lOO/WO.] 
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Mieroieopioal  Ex€aninniion. 


Watbb  Sdpplt  of  Milton. — Milton  Wateh  Compant. 
■he  water  supplied  by  this  company  to  the  town  is  purchased 
a.  the  Hyde  Park  Water  Company.     Analyses  of  the  water  may 
band  on  pages  183-186. 
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MONTAGnB. 


Sdpplt  OF  Tubneb's  Falls  Fire  DiaTRicr — Montagoe. 
Chemical  Examination  of  Water  from  Lake  Pleatant,  Montague. 

IPuU  perlOO.OOD.] 
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Mieroaaqneal  Examination  of  Water  from  Wannaeomet  Pond,  SarUwsket. 


P«r  gab! 

««"^ 

l«.] 

.w.. 

Jan. 

Feb. 

Mw. 

Apr. 

MV- 

a™. 

JbIt. 

July. 

1 

30 

8 

8 

8 

T 

u 

2T 

IfgnilxrofMmpI*,.       .       .       . 

IMCtt 

11861 

ItHO 

lUH 

lUH 

1M18 

iuM 

lOU 

PL&HT8. 

SlfttomaOMa 

tw 

M 

IN 

H 

H 

« 

1 

/ 

C7c.tet.1im 

0 

M 

IM 
0 

84 

0 

83 

pr. 

1 

3 

0 

0 

0 

0 

a 

0 

It 

Bl 

Al»» 

0 

a 

0 

0 

t 

I 

1 

0 

Srs^-  :   :   :   : 

0 
0 

0 

0 

0 

I 

^0 

"! 

0 

Pungl.CniiioUirU,       .        .       . 

0 

» 

B 

0 

pr. 

> 

9 

a 

AIOHALe. 

IllfllBOrl», 

in 

pr. 

n 

71 

468 

tit 

m 

0 

DlDDbrroo 

as::.—  ; 

Vermas 

123 
pr. 

0 

pr. 
0 

38 

83 

1 

«84 

0 

1 

82 
0 
pr. 

lU 

''i 
a 

a 

t;sa»,-    :   :    :   : 

I 

s 

J 

J 

pr. 

pr- 

s 

! 

9 

■ 

0 

a 

0 

0 

a 

0 

Total, 

K3 

" 

au 

113 

•^ 

M 

17* 

88 

!40  STATE  BOARD  OP  HEALTH.         [Pub.  D 

NANTUCKET. 

Mieroaoopieal  Examination  of  Water  Jrom  Wannaeomet  Pond,  NaiUticket  — 
Concluded. 
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Watee  Supply  of  Natick. 

Chemical  Examination  of  Water  Jrom  Dug  Pond,  Natick. 
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Microieopical  Examination  of  Water  from  Dug  Pond,  Naiiek 

[Samtwrof  organlami  p«r  enbts  cxDHmMsr.] 
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NATICK. 

omcf  Heights  of  Water  in  Dug  Pond  on  the  First  ofEaeh  Month  in  1895. 
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NEW  BBDFOBD. 

Chemical  Examinalion  of  Water  from  LUtle  QuiOacat  Pond,  LakevUie. 
[Piru  p«i  iiM,oao.] 
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MEW  BEDFOBD. 

Chemical  ExamiwUUm  of  Water  from  Oreat  Quittaeas  Fond,  LakevUle. 

[Puu  p«r  100,000.] 
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Water  Supply  op  Newton. 

Chemical  Examination  of  Water  front  a  Faucet  at  the  Neuiton  Water  Works  Pump- 
ing Station. 

[FBrti  p«r  IDO.IKM.] 
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NEWTON. 


I  Examinaiion  of  Water  from  a  Faucet  at  the  Newton  Water  Works 
Pumping  Station. 
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Examination  of  Water  from  the  Covered  Distributing  Seservoir  of  the 
Newton  Water  Works. 
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Examination  of  Water  from  the  Covered  Dittributing  Beservoir  of 
the  Newton  Water  Work*. 
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>BWOOD. 

Mcroseopicai  SxaminaCion  of  Water  from  BuckmasUr  Pond,  DedAam. 

[Namb«T  oforguilimi  parsabla  uotimater.] 
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AU  showing  Heights  of  Waler  in  Buchmnsler  Pond  on  the  Firal  oj  Each  Month 
in  1895. 
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]     EXAMINATION  OF  WATER  SUPPLIES. 


Watee  Supplt  or  Obange. 
g  1695  a  reservoir  wau  constructed  near  the  pomping  station 
!)raQge  water  works  for  the  purpose  of  coUecting  the  water 
ing  for  use  in  supplying  the  town.  The  reservoir  is  oval  in 
30  feet  long,  75  feet  wide  and  10  feet  deep,  and  when  filled 
ivel  of  the  overflow  has  a  capacity  of  600,000  gallons.  The 
lopes  of  the  basin  are  paved  with  field  stones, 
organism  Vroglena  was  found  in  considerable  numbers  in 
from  the  distributing  reservoir  collected  in  May  and  Oc- 
Examinations  made  in  the  early  part  of  1896  showed  the 
3  of  Vroglena  in  North  Pond,  one  of  the  sources  of  supply 


C^emieai  Examinalion  of  WaUr  from  North  Pond,  i 
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MierDKopteal  Examination  of  Water  Jrom  North  Pond,  Orange. 

[NDmlMr  ef  orguiami  p«r  cnbla  e«uliD«UT.] 
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FEABODT. 

Microscnpicat  Examination  of  Water  from  Brtnen^s  Pond,  Ptabody — Concluded. 
[NnmlMr  of  orginlaou  p«r  enblc  m 
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Chemical  Examination  of  Water  from  Spring  Pond,  Peabody. 
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FEABODT. 

Chemical  Examination  of  Water  from  a  Fountain  in  Ptdbody,  auftptied  from  the 
Peabody  Water  Works. 

(Farta  per  IM.OOO.] 
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Miero3copical  Examination. 
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nurlun,  li  Pidltutnart,  1;  Pntaeotau,  41;  AiiiAlillunt,  1;  AmiuiImhm,  B.  Fanil,  CVmMAHs,  4. 
iDhuodii, /kriiHnlufn,  10.    Vamis*,  .liiiina,  S.    ToUI,  83. 

Fbpfbseex. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Fepperell 
in  reUtioD  to  a  water  supply  for  the  town  may  be  foand  od  pages 
38-40  of  this  volame.  In  connection  with  the  inTestigation,  samplea 
of  water  were  taken  from  five  different  sources  in  the  town  and  in 
its  vicinity,  the  results  of  the  analyses  of  which  are  given  below. 

Chemical  Examination  of  Water  frvm  Brook*  in  PeppereU  and  Vicinity. 

[Psrti  par  lOO.QOO.) 
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MicroacopicaX  Examination. 
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PTTTSFIBIJ). 


Watek  Supply  of  Pittspield. 


3  latter  part  of  1895  the  city  of  Pittafield  cooBtructed  works 
Qg  water  for  the  supply  of  the  city  from  Mill  Brook  in  Wash- 
lod  Lenox.  A  dam  was  coostracted  upon  the  brook,  form- 
lall  reservoir  at  such  an  elevation  that  the  water  will  be  sup- 

the  city  by  gravity.  It  is  said  that  no  water  was  supplied 
ity  from  this  source  during  1895. 

3  latter  part  of  the  year  the  city  applied  to  the  State  Board 
th  for  advice  with  reference  to  increasing  its  water  supply, 
ing  the  investigations  relative  to  an  additional  water  supply 

of  water  from  several  sources  in  the  vicinity  of  the  city  were 
i,  the  results  of  which  are  given  in  the  tables  which  follow. 
IS  of  samples  of  water  from  West  Pond  and  Roaring  Brook 

found  under  Washington. 

idvice  of  the  State  Board  of  Health  to  the  Onota  Water  Com- 

Pittsfield  relative  to  the  introduction  of  water  from  May 
or  the  supply  of  that  portion  of  the  city  of  Pittsfield  in  the 

of  West  Street  may  be  found  on  pages  40  and  41  of  this 


Examination  of  Water  from  Socket  Brook  in  the  Vicinity  of  the  Pumping 
Station  of  the  Pittafield  Water  Works. 

[FuU  par  100,000.] 
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FITTSFIBI.D. 

Chemical  Examination  of  Water  from  Sachem  and  Bollow  Brookt,  Laneaborough. 

(ruto  pw-  IQO.OOO.] 
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Mieroacopical  Examination. 
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Chemical  Examinalion  of  Water  from  Smith  and  Lulu  Brooks,  Filttfield. 

IPuHi  par  100,000.] 


s 

1 

AWlUHJlllCk. 

Eri™"-' 

A>..on^. 

; 

Nitioan' 

1 
1 

i 

! 

1 

1 

i 

1 

1 

1 

1 

1 

1 

il 

1 

1H3I 
1U33 

An(.13 

N0T.I7 

Nona. 

None. 

V.all«ht. 

Bllibt. 

.08 

S.7S 

o.« 

o.ao 

.0000 

.oou 

.OONI 

.0038 

.OOOR 

.oou 

1 

.0000.0000 

.otu 
.im 

i.i 

Mieroacopieat  Examination. 

So.  IMn  wu  not  aiUDlaed.    An  lnal(nlfliiuit  nnmb«r  ot  orginlimi  WM  found  Id  aacb  of  tha  olbac 


EXAMINATION  OF  WATER  SUPPLIES.  279 

PITTSFIBLD, 

micat  Examinnlion  of  Water  from  ForUootuc  Lake,  PUlsJteld. 

[P«rw  POT  1«).0M.] 
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Ihemieal  Examinalion  of  Water  from  May  Brook,  PilttfleUt. 
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PLYMOCTH. 

•pieal  Examinalion  of  Water  from  Little  South  Pond,  Plyviouth — Con- 
cluded. 

[Namtwr  of  Drguilanii  par  calila  MntlmtMr.] 
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Water  Sdpply  of  Pbovincetown. 
cal  Examination  of  Water  from  the  Tubular  Weils  of  the  Provincetown 
Water  Works. 
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PROVINCETOWN. 

Microscopical  Examination  of  Water  from  the  Tabular  WelU  of  the  Frovineetown 
Water  Works. 

[tfnnlMr  of  ortuilai*  p*r  onbig  »nUiiistcT,] 
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(^emical  Examination  of  Water  from  FaueeU  in  Frovineetown  supplied  from  the 
Provineelawn  Water  Works. 
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Mieroicopical  Examination. 


.]     EXAMINATION  OF  "WATER  SUPPLIES.  283 

QFINCT. 

"Water  Sopply  op  QuiNcr. 
I  Examination  of  Water  from  Ibion  Brook  just  above  the  Storage  Beservoir 
of  the  Quincy  Water  Works. 

[P«rt*  per  100,000.] 
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ical  ExaminaHon  of  Waterfront  the  Storage  Beiervoir  of  the  Quiticy 
Waler  Works. 

[ITambtr  of  orgaDlams  per  inbis  sanUdHtar.] 
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tmtcai  ExaminaUon  of  Waler  from  Blue  Hill  Biver,  Brainlree. 

[Punii  p«r  100.000.) 
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QUINCY. 

Table  alioming  HeighU  of  Water  in  tAe  Storage  Reservoir  of  Ote  Qutacy  Water 
Works  on  the  Following  Dates  during  1895. 

[HIgh-vmler  mmrk  l>  MM  teel  ibon  eltf  bue.] 
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■\Vatee  Supplt  of  Randolph  and  Holbeook. 
Chemical  Examination  of  Water  from  Oreat  Pond  in  Randolph  and  Brainlree. 

[Pri*.  pn  100,000.] 
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Water  Supply  of  EEADtNO. 
The  advice  of  the  Stale  Board  of  Heallh  relative  to  the  parifica- 
tion  of  the  public  water  supply  of  the  town  may  be  fouud  on  pages 
41-45  of  this  volume.  The  results  of  analyses  made  during  the  io- 
vcstigation  may  be  found  on  pages  297-300  of  the  annual  report  for 
1894. 
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tEVEKE  AND  WISTHHOP. 

Yater  SuppLr  OP  Eetere  and  Winthrop. — Revere  Wai 
Company. 

The  worts  of  the  Kevere  Water  Company  for  obtaining  a  sup 
if  ground  water  at  Ciiftondate,  Saugus,  were  enlarged  in  1895 
inking  fifteen  additional  2J-incb  tubular  we lU  in  the  immedi 
icinity  of  those  driven  in  previous  years,  forming  an  extentiioa 
be  original  syateui.  The  total  number  now  connected  with  th 
rorka  is  67. 

The  rapid  increase  in  the  amount  of  chlorine,  residue  ou  evapc 
ion  and  bardnci^s  in  the  water  of  the  wells  located  at  Kevere,  wh 
las  been  mentioned  in  previous  reporta,  still  continues,  as  may 
een  in  the  table  of  yearly  averages  of  analyses  given  below.  It  i 
le  noticed  in  the  table  of  monthly  analyses  in  1895  that  the  wx 
ieteriorated  rapidly  during  the  mouths  when  there  was  the  great 
Irafl  upon  the  wells,  owing  to  the  infiltration  of  sea  water. 

■hemical  Examination  of  Waler  from  the  Wells  of  Iht  Revere  Water  Company 
Severe. 


[P.ni  per  1«I,IX».] 
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BBTEBE  AND  WINTHROP. 

Examination  of  Water  Jrom  Tubular  WelU  of  the  Severe  Water  Company, 
at  Clijtondale,  Baugui. 
tPut*  p«r  100,000.] 
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Microscopical  Examinalion. 
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BETEBB  AND  WISTHBOP. 

Chemieal  Examination  of  Water  from  Brooks  in  Saugua. 
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Microscopical  Examination. 
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Watee  Supply  of  Rookland. 
(See  Abinglon.) 

Water  Supplt  of  Rockport. 

Population  in  1895,  5289.  The  works  are  owned  by  the  town 
and  were  completed  in  the  early  part  of  1895.  The  source  of  supply 
is  Cape  Pond,  situated  in  the  soutbern  part  of  the  town.  The  area, 
of  the  pond  is  40  acres  and  its  maximum  depth  is  said  to  be  about  26 
feet.  The  pond  has  a  watershed,  including  the  area  of  the  pond, 
of  214  acres,  which  contains  a  very  small  population.  Water  ia 
pumped  from  the  pond  to  the  town  and  to  an  open  iron  tank,  30  feet 
in  diameter  and  liO  feet  in  height  and  having  a  capacity  of  317,000 
gallons,  located  on  Great  Hill.  Distributing  mains  are  of  cast  iron 
and  service  pipes  are  of  wrought  iron  lined  with  cement. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Rockport 
relative  to  the  use  of  this  pond  as  a  source  of  public  water  supply 
may  be  found  on  pages  45-47  of  the  annual  report  for  1893. 

A  further  communication  from  the  State  Board  of  Health  to  the 
town  of  Rockport  relative  to  the  pollution  of  the  water  of  the  pond 
by  waste  matters  from  a  gluo  factory  may  be  found  on  page  65  of 
the  annual  report  for  1894. 
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BOCSPOBT. 

Chemieat  ExamtTiatum  of  Water  from  Cape  Pond,  BocJ^rl. 

[Put*  per  100,000-1 
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Microscopical  Examination  of  Water  from  Cape  Pond,  Rockport. 
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SAI.BM  AND  BEVBRIiT. 

MicroMopieal  Examination  of  Water  from  Wetiham  Lake,  in  Beverly  and 
Wenham. 
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SAI^M  AND  BEYERLT. 

Microscopical  Examination  of  Water  from  Lcngham  Brook  Reservoir,  in  Beverly 
and  Wenhnm  —  Concluded. 

[Niintwr  of  orKaDlimi  p«T  nablo  cetillnicler.] 
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BHADON. 

Water  Sdpplt  op  Sharon. 
e  works  of  the  Sharon  Water  Company  were  purchased  by  the 
Oct.  3,  1895. 

iemical  Examination  of  Water  from  the.  Well  of  the  Sharon  Water  Works, 
[Pina  p«r  loo/wo.] 
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SHIRLEY. 

il  Examination  of  Wider  from  Tumer't  Pond,  Fort  Pond,  Bow  Brook  and 
the  Shirley  Reservoir. 
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spiun6fibld. 
Water  Supply  of  Spbingfield. 
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?BIN6FIELD. 

icroaeopicat  Examination  of  Water  from  the  Seceiuing  Bonn  of  the  Spring/teld 
Water  Works  at  Ludtow. 
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SPBIKQFniXD. 

Chemical  Examination  of  Water  from  Ludlow  Setervoir. 
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INGFIELD. 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir, 

Springfield. 
'he  number  of  orgaoiBms  found  in  the  samples  of  water  collected 
Q  Ludlow  reservoir  in  the  mouths  of  January,  February  and  June 
insiguificant.  In  March,  April  and  May  the  samples  contained 
actively  3,850,  1,065  and  1,590  organisms  per  cubic  centimeter, 
listing  almost  wholly  of  Dinobryon  or  Dinobryon  cases.  The 
ilts  of  the  microscopical  examination  of  samples  collected  during 
remainder  of  the  year  are  given  in  the  following  table  :  — 

Mtenueopicat  Examination  of  Water  from  Ludlow  Saervoir. 
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SPRINGFIELD. 
leopieat  Examination  of  Waier  from  Ludlow  Betervoir — Concluded. 
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stougoton. 

Water  Sdpplt  of  Stouqhton. 
advice  of  the  State  Board  of  Health  to  the  town  of  Stoughton 
e  to  an  additional  supply  of  water  for  the  town  may  be  found 
ges  47-50  of  this  volume.  Analyses  of  samples  of  water 
«d  during  the  investigation  for  an  additional  supply  may  be 
on  page  316  of  the  aaoual  report  for  1894. 
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E    Supply   of   Swampscott   amd  Nahant.  —  Mabblehead 

Water  Compast. 
895  the  sources  of  supply  of  this  company  were  increased  by 
DStructioD  of  temporary  works  for  drawing  water  from  a  sys- 
*  ten  tubular  wells  located  a  short  distance  east  of  the  Swamp- 
itatioD,  in  the  angle  formed  by  the  main  line  of  the  Eastern 
3n  of  the  Boston  &.  Maine  Bailroad  and  the  Marblehead 
1.  The  wells  are  in  the  vicinity  of  a  small  tributary  of  Stacy's 
,  which  flows  through  this  territory,  and  are  in  a  line  parallel 
main  line  of  the  Eastern  Division.  They  are  12  feet  apart  in 
le,  and  range  in  depth  from  3U  to  47  feet.  These  wells  are 
iOO  to  1,000  feet  distant  from  the  wells  of  the  Marblehead 
Company  in  Paradise  Road.  Between  Aug.  6  and  Nov.  3, 
about  14,500,000  gallons  are  said  to  have  been  drawn  from 
urce  for  the  supply  of  the  towns. 
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AMPSCOTT  ANn  NAHAl^T. 

nnieal  Examination  of  Water/rom  the  Welts  of  the  Marblehead  Water  Company, 
SwampaeoU. 

[PmrUpsrln.OOI).] 
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SWAMPSCOTT  ANIJ  NAHANT. 

luot  Examination  of  Water  from  Tabular  Well"  a  Short  Distance  East  of  the 
SwampseoU  Railroad  Station  in  Swampscott. 

[Part*  per  100.000.] 
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CKcmical  Examination  of  Water  from  AsiamompseU  Pond,  LakevUle. 
[Part*  par  lOD.ooo.] 
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JNTOH. 

Microscopicai  Examinaium  of  Water  from  Jasawompseit  Pond,  LakevUU. 

[NaiDbsr  af  orgujlani  p*r  aaMi  Moilnwur.] 


laM. 

Jib. 

FetL 

Mu 

Apr. 

w 

.™ 

... 

Aof. 

ttft. 

Dta. 

M 

JT 

IT 

IS 

SB 

M 

SI 

3S 

K 

n 

n 

26 

berofumple,      .       .       .       . 

8711 

ISNS 

itou 

lUTS 

14M2 

HI» 

i»n 

iXSt 

.«» 

"•■• 

»™ 

PLANTS. 

tomac«ee 

101 

H 

IK 

m 

- 

n 

It 

ti 

IT 

IIB 

" 

» 

ffiS.^'  :   :   :    :   : 

bf.lu.ln. 

"o 

*J 

ss 

ra 

IT 

W 

18 

• 

"o 

J 

sal ;  :  ;  !  : 

i 

" 

I 

: 

0 

1 

J 

0 

44 

i 

n 

inophyceai 

0 

0 

B 

- 

t 

D 

1 

IB 

0 

1 

0 

"1«™J'U« 

! 

I 

! 

; 

3 

s 

3 

'o 

; 

J 

0 

« 

> 

» 

I 

- 

tn 

SB 

n 

B 

« 

0 

I 

ChlorocooiJO 

I 

I 

I 

: 

m 

SO 

^ 

S 

iS 

i 

0 

Iffl. 

1 

0 

I 

. 

u 

* 

B 

1 

t 

t 

• 

wo"^"^' :   ;   :   :   : 

1 

0 

i 

K 

4 

! 

t 

J 

1 

I 

ANIMAL3. 

LiBoria 

M 

18t 

ito 

H 

I 

1 

11 

IT 

t 

B 

I 

Dloobryon  cu« 

l-eridlnlam 

n 

11 

M 

44 

n 

': 

1 

I 

■! 

11 

\ 

0 
0 

It 

■mes,  AnorM,   .      .      .      . 

0 

0 

0 

B 

1 

1 

0 

t 

t 

0 

B 

iBtacea.  CydoiM,     . 

. 

II 

0 

.« 

- 

S 

B 

,M 

B 

B 

0 

a 

'Ilancoul, 

t 

0 

B 

t 

. 

t 

.Ot 

t 

H 

IBO 

g 

B 

*c.r1i.» 

Sottgl-ai. 

s 

s 

! 

t 

- 

I 

■1 

1 

'at 

.■J 

I 

0 

TOTil, 

ua 

HO 

301 

m 

- 

SIS 

10. 

™ 

n 

» 

» 

" 

]     EXAMINATION  OF  WATER  SUPPLIES.  311 

TAtJSTON. 

ChemicfU  Examination  of  Water  fi-om  Elder's  Pond,  LakevitU. 
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I    I 


V.  (light. 

Bl<(bt. 

V.illihl. 

Slight. 

V-dlght. 

eiifbt. 

Nona. 
V.illght. 


Blight. 

Slight. 

Com. 
eilght. 

» light. 

Blight. 

eiighi. 

V.dlghl. 

Slight. 

V.ill|ht. 


.0001  .OKI  .OIU  .0018 


Averages  by  Tears. 


1 

- 

.00 

1.00 
l.OB 
LSI 

O.U 

.0000 
.0000 

.oao< 
.0001 

z 

-oijo 

.oia 

.OIU 

.0023 
.0013 
.00I§ 

.M 

.0030 

.0000 

.0000 

.l««S 

0.4 

STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


TAUWTON. 
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Mianucopieal  Examination  of  Water  from  Oryttal  Lake,  Wakefield. 
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Pateb    Supplt  op  Watbrtown  and  Belmont,  —  Watebtown 
"Water  Supplt  Company. 
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■WATERTOTTN  AND  BBLMONT. 

croteopical  ExamintUion  of  WaUr  from  a  Faucet  in  the  Pumping  Slalvm  of 

the  WatertoKn  Water  Supply  Company. 

[Nnmbarof  orgubnii  per  cable  canlloietct.] 
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WATBBTOWN  ANTI  BBLMONT. 

Chemical  Examination  of  Water  from  a  Faucet  in  Watertown,  tttpplitd  from  lAe 
Works  of  the  Waiertoum  Water  Supply  Oompany  —  Concluded. 
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Water  Supply  of  Webster. 

Chemical  E^^aminalion  of  Water  from  the  Well  of  the  WebOer  WaUr  Work*. 

[P*m  pel  IM.OOO.J 


1 

A......«„. 

1 
A 

f 

A«»>n^ 

j 

f 

|l 

1 

\ 

1 
1 

1 

i 

1 

1 

\ 

i 

1 

1«M> 

WlOB 

14«T 

1U11 
ItlW 

IMU 

J.Q.    IS 

Uir.  11 
Apr.    8 
M.,     8 

JUM    11 

Jolj  16 
Aug.  IJ 
Sep..   » 
Ocl.     8 

Doc.    e 

81l|hl, 

Hone. 
Kt.De. 

NODO. 

Hons. 
Mod*. 

NODO. 

aiighi.' 

Sono. 
8llgbt. 

KODO. 

None. 

Nme. 

V.rtljht. 

NODB. 

Nona. 

.00 
.00 

s.so 

4.80 
3.M 
*.» 

e.« 

8.30 

«.T0 

.0000 
.0000 
.0000 

ooo. 
.omo 

:Z 

.0000 

.0000 
.0010 

.oooe 

.0010 

.0011 

.0000 
.0000 
.OODJ 

.11 
.11 

■•a 
.u 

.M 
.18 

.IB 

.om 

.0180 

.ono 

.OMO 

.OlSO 

.0180 
.0800 

.0180 

.0000 

.0000 
.oooo 
oooo 

.0000 

0000 

.0000 
.0001 

0000 

0000 

.0000 
.0130 

.0000 

.0198 
.0134 

.0408 

1.3 

].! 
1.8 

3.3 

.ouio 

.0000 
OOM 

oooo 
.0000 

0080 

It 

MM 

.00 

*.1S 

ooco 

.«„0 

.n 

.OtSG 

0000 

.am 

nnn 

UH 

.., 

3.U 

.0001 

.ooos 

.« 

.om 

0000 

..m 

NOTB  U>  ualTM*  ol  1SB8 ;  Oi 

wgetable  od  benUoi. The  fli 

ta  oUian  from  tba  well. 


Microscopical  Examination. 

Ha.  IMK.    Fnnil,  OmoMrtz,  (St. 

Ho.  I41T1.    IMmomMMi,  5ini((Jra,  80.    Utnelluwon*,  ZAA^Iaa,  U.    Tolil.  H. 

Ho.  ISStO  vu  nol  «amlni4i  mli:iDHopLc>1l7. 

toDDd  Id  the  nnutning  BAmplfs. 


84.]    EXAMINATION  OF  WATER  SUPPLIES.         8J7 

'WE'Lt.'ESUCT, 

Watek  Supplt  op  Welleslet. 
wiieal  Examinalion  of  Water  from  the  FtiUr-gallery  of  the  Wellealey  Water 
Works. 
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WBSHAU. 

Wenhah. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Wenham 
relative  to  the  use  of  water  from  Pleaaaot  PoDd  in  that  town  as  a 
public  water  supply  may  be  found  on  pages  51  and  52  of  this 
volume.  The  results  of  the  aoalyais  of  a  sample  of  water  from  this 
pond  are  given  below. 

Chemical  ExamtnaHon  of  WaUrfrom  PltOiant  Pond,  Wenham. 
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WBaTBOROUGH. 

Microscopical  Examination  of  Water  from  the  Upper  Sandra  Eeaervoir, 
Westborough. 

[Hnmbar  of  ortmolima  par  anlils  smllmeOr.] 
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WESTBOROdGH. 

Chemical  Examination  of  Water  from  the  Lower  Sandra  Betervoir,  Walborough. 

[P«t(  p«r  lOO.OOO.] 
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Miorotcopical  Examinalton  of  Water  from  the  Lower  Sandra  Beservoir,  1 
borough. 

[NarnbaT  of  orgulm*  p*r  eabic  canltnetar.] 
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WE9TBOKOUOH. 

A  commuoicatioD  from  the  selectmen  of  Northborough  to  the 
State  Board  of  Health  relative  to  the  pollution  of  Little  Chauncy 
Fond  by  the  sewage  of  the  Westborough  Insane  Hospital,  and  the 
advice  of  the  State  Board  of  Health  to  the  trustees  of  the  West- 
borough  Insane  Hospital  relative  to  the  disposal  of  the  sewage  from 
this  institution  may  be  found  on  pages  70  and  71  of  this  volume. 

Analyses  of  samptes  of  water  from  Chauncy  and  Little  Chauncy 
ponds  are  given  below. 

Chemical  Examination  of  Water  from  Chatmey  Pond,  WesOmrough. 
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Chemioat  Examination  of  Water  from  Chaunet/  and  LUtle  Cftaun«y  Pond$, 
Weilborough. 
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westfibld. 
Water  Supply  of  Wbstfield. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Westfield 
elative  to  taking  the  water  of  Mutin  Brook  io  Granville  as  an  addi- 
ional  water  supply  for  Westfield  may  be  found  on  page  52  of  this  . 
olume. 

lAe  Walfield  WaUr  Worka. 


Chemical  Examination  of  Water  from 
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■WE8TFIBLD. 

Microscopical  ExamiwUion  of  Water  from  the  WeatfieldWaUr  Works — Concluded. 

[NniDbsr  ot  orgUDlam*  par  eabic  MMlmalcr.] 
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Weston. 
The  advice  of  the  State  Board  of  Health  to  the  petitioners  for 
JDCorporatioD  as  the  Weston  Water  and  Electric  Company  relative 
to  taking  a  water  supply  for  the  town  of  Weston  from  springs  in 
that  town  may  be  found  on  pages  52  and  53  of  this  volume.  The 
results  of  analyses  of  samples  of  water  collected  from  tubular  wells 
Dear  the  source  of  Cherry  Brook  and  from  tubular  wells  near  Central 
Avenue  are  given  in  the  following  table. 

Chemical  Examination  of  WtUer  from  Tubular  Test  Wttta  in  Wtston. 
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ITEST  SPBIMGFIBLD. 

Wateb  Supplt  op  West  SpRiNoriBLD. 

Id  the  spring  of  1895  the  works  for  supplying  Weat  Springfield 
with  water  were  enlarged  by  the  construction  of  a  pipe  line  to  divert 
the  water  from  springs  in  the  valley  of  Block  Brook  into  the  brook 
supplying  West  Springfield  Reservoir. 

The  water  of  the  springs  is  collected  in  a  small  wooden  collecting 
well  located  on  the  easterly  side  of  Block  Brook,  about  three-quarters 
of  a  mile  above  the  point  where  it  is  crossed  by  the  Westfield  road. 
The  water  flows  by  gravity  from  the  well  to  the  brook  which  sup- 
plies the  West  Springfield  Reservoir. 


Water  Sopplt  op  Wetmouth. 
Chemical  Examination  of  Water  from  Great  Pond,  in  Weymouth. 

[Pan*  par  lOO.OW.] 
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WBYMOCTH. 

Microseopical  Examination  of  Water  from  Oreat  Pond,  in  WeymouA. 
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Watee    Supply    of    Willtamstowk.  —  Williamstown    Wateb 

COMPANT. 

The  advice  of  the  State  Board  of  Health  to  the  WilliamBtown 
Water  CompaDy,  relative  to  taking  the  water  of  Flora  Glen  Brook 
aa  a  source  of  additional  water  supply  for  the  town,  may  be  found 
on  p^e  53  of  this  volume. 

Chemical  Examination  of  Water  from  Cold  Spring  Baervoir  and  from  Sherman 
Spring,  WilHamsCown. 

(P.rt.p.r  100,000.1 
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WINCHESTEB. 

Chemical  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester  Water 

Works. 

[P*rw  p«r  IMhOOO.] 
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■WINCHBSTEB. 

Chemical  Examination  of  Water  from  Me  South  Beservoir  of  the  Winchett«r 
Water  Workt. 
[P«ru  par  l«a/HO,] 
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triNCHISTEB. 

Chemical  Examinaiitm  of  Water  from  the  Middle  Reservoir  of  the  Windteiter 
Waier  Worla. 

[Put*  per  im.DM.] 
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WINCHESTEB. 

rtaeqpical  Examinaiion  of  Water  from  the  MiddU  Beaervoir  of  the  Winchester 
Water  Works. 

[Hnmbsr  of  artulami  p«r  cnblo  «DUni«t«r.] 
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ChemiccU  Examination  of  Water  from  Horn  F 
[Piiu  p«r  i(w,aw.] 
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Id  the  hitter  part  of  1894,  the  Lyode  Brook  Reservoir  becomiog 

nearly  exhausted,   a  temporary  connection  was  made  between  this 

Reservoir  and  Kettle  Brook,  and  water  was  drawn  from  the  latter 

source  for  the  supply  of  the  city.      Early  in  1895  the  city  of 
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Chemical  Examination  of  Water  from  Arnold  Beaervoir  on  Kettle  Brook,  Paxton. 

[Parts  per  100,000.) 


i 

Apfuukob. 

"'"?F 

;»...,.. 

,^„;!  ^ 

^ 

I 

1 

1 

■} 

1 

1 

ill 

1 

1 

! 

i\ 

1 

MMO 
IISOO 
ItHt 

lUOt 

JnnaSS 
JnIrM 
Ang.lt 

Oct.lt 

Dkillnct.    Cdu. 
811|hl.       OOD.. 
DiMlnct,    S11(U, 
ailSr"'  Com'.""' 
Bll»bt.     |eil|ht. 
Bii(bt.    leiitbv. 

1.M 
l.M 

l.M 

i.;o 

1.80 

1.4S 

o.n 

4.U 

S.BO 

s.ts 

l.W 

a.n 

::: 

.MM 
.ONS 

.«12 

.OSM 
.0600 

z 

.oo«s;.ss 
.oot3:.8a 

3^ 

.OOTO 

.oow 
-oow 

.010 

.O0OCI;l.«SO 
-OOO!  il.TlM 

1.4 
0.1 

1 

,.., 

..„ 

,        ' 

ncil;  ccgcubla.^— The  aamplia 


wllsclwl  from  tlia  n 


nlf  n«r  Iba  dam,  1 


SXAMINATION  OF  WATER  SUPPLIES.  355 

■WORCESTER. 

Examinalvm  of  (faterfrom  Arnold  Baervoir  on  EeUle  Brook,  Paxton. 

[Ifombar  of  artul*m*  per  oaMc  scDUEiMlar  ] 


■us 

,™. 

Jol,. 

Av- 

3.1*. 

Oct. 

K«.. 

'" 

w 

n 

10 

IT 

n 

11 

uuo 

i*wo 

ItMl 

um 

itsos 

IMK 

PLAKTS. 

M 

H 

10 
0 

1 

n 

t 

4 

11 

* 



0 

n 

« 

4S 

«0 

I 

D 

0 
0 

0 
0 



m 

0 

II 

l,N1 
1*0 

116 

40 

0 

0 

40 

} 

J 

1 

0 

0 

1 

M 

0 
M 

'■IS 

tJ 

Si 

0 

40 

H 

11 

• 

M 

4 

Ainjl4L8. 

0 

J 

w 

18 

I 

t 

:•:::;::; 

0 

0 
0 

lis 

M 
II 

s 

1 
1 
« 

I 

1 

e 

" 

" 

0 

■ 

0 

agi" 

0 

0 

" 

« 

1 

It 

130 

■" 

a.*M 

1M 

» 

u 

EXAMINATION  OF  EIVEES. 


itblj  examinations  have  been  made  during  the  year 
aters  of  the  Blackstooe,  Deerfield,  Hoosac,  Housa- 
ick,  Nashua,  Neponset,  Saugas,  Taunton  and  Ware 
caaional  examinations  of  other  rivers  in  the  State, 
li&ation  of  the  Blacketone  River,  similar  to  that  made 
lade  duriog  the  week  of  September  4-11.  A  special 
'  the  Neponset  River  was  made  in  the  drier  portion 
connection  with  investigations  of  the  sanitary  condi- 
er  and  the  Fowl  Meadows,  made  under  direction  of 
Jie  Resolves  of  1895.  Examinations  were  also  made 
River  at  Milford  and  a  small  tidal  stream  known  as 
it  Danvers,  in  consequence  of  complaints  as  to  their 
4on. 

results  of  these  examinations  will  be  found  arranged 
by  rivers  in  the  following  pages,  but  acme  of  them 
preceding  pages,  in  connection  with  the  examination 
lies,  under  the  names  of  towns  where  the  samples 
,  as  follows :  — 

r  at  Went  Roibnry 129 

t  Lawrence, 191 

t  Ixitvell 204 

Hyde  Park, 18S 

ugus, 214 

'auQtOD 31S 


Blackstone  River. 
'  monthly  examinatioos  of  the  Blackstone  River  have 
i  since  June,  1887,  and  the  average  results  for  each 
and  for  the  six  months  of  each  year  from  June  to 
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AvERAOES  OF  Chemical  Analtbes  of  Watek  frou  the  Blacrstone  Riyks 

FOB  THE  Years  1888  to  1895,  inclusive. 
Blackslane  Biver  between  Mill  Brook  Clmnnel  and  (he  Sewage  Precipitaiion  Works. 
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Special  Examination  op  the  Blackstone  River  and  Wdhcbsteb 
Precipitation  Works  in  September,  1895.  , 

The  examination  was  made  during  the  week  ending  Sept.  11, 1895, 
and  was  conducted  as  nearly  as  poesible  in  the  same  manner  as  the 
examination  made  in  July,  18'Jl,  described  on  page  267  of  the  report 
of  the  State  Board  of  Health  for  1891. 

The  method  of  collecting  the  sewage  of  Worcester  and  conveying  it 
to  the  precipitation  works  remains  the  same  as  in  1891.  Nearly  all 
of  the  sewage  of  the  city  is  discharged  into  Mill  Brook,  the  channel 
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lume  flowiog  id  the  rarious  chaDnels  during  each  examination  is 
ven  in  the  table  on  page  374.  From  this  table  it  will  be  seen 
it  the  average  6ow  in  Mill  Brook  channel  was  somewhat  greater 
1895  than  in  1891,  and  that  a  very  small  proportion  of  the  flow 
Mill  Brook  was  discharged  into  the  river  without  treatment,  as 
mpai-ed  with  the  volume  discharged  in  this  way  in  1891.  The 
icbarge  of  sewage  directly  into  the  river  during  the  examination 
1895  was  caused  partly  by  leakage  past  the  dam  and  partly  by  a 
ower  which  began  at  about  10  p.m.  on  the  night  of  Monday,  Sep- 
nber  10,  and  caused  the  water  in  Mill  Brook  to  overflow  the  dam. 
le  total  flow  of  the  river  below  the  precipitation  works  averaged 
,830,000  gallons  per  day  in  1895,  as  compared  with  35,840,000 
lions  per  day  in  1891. 

The  amount  of  lime  per  1,000,000  gallons  used  for  the  purifica- 
<n  of  the  sewage  during  the  week  of  the  examination  was  consider- 
ly  in  excess  of  the  average  amount  used  during  the  year,  and  the 
riflcatioD  of  the  sewage  attained  was  greater  than  is  ordinarily 
ained  in  the  operation  of  the  works.  The  results  of  the  examina- 
n  show  that  the  condition  of  the  river  below  the  place  where  the 
luent  from  the  Worcester  precipitation  works  is  discharged,  and 
the  town  of  Milbury,  was  practically  the  same  as  at  the  timie  of 
1  special  examination  in  1891. 
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Comparison  of  Analyses  of  Sewage  and  Effluent  from  the  Worcester  FrecipUation 
Works  during  the  Weekejuiing  July  29,1891,andthe  Week  ending  Sept.  11, 
1893. 
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BLA.CKSTONE  ItlVER. 

Comparison  of  Analyses,  made  during  Week  ending  July  29,  1801,  and  Week 
ending  Sept.  11, 1895,  of  the  Waler  of  the  Blaekstone  River  above  and  beloto 
the  Points  where  the  Worcester  Sewage  and  Sewage  Effiuent  are  discharged. 
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Comparison  of  Atutlyaes,  made  during  the  Week  ending  July  29,  1891.  of  Ihe 
Healer  of  Ike  BiaekaCone  River,  from  a  Point  juH  below  the  PrecipiUUitn 
Works  at  Worcester  to  MillvUle.  This  raftte  represents  the  Portion  of  Uu 
River  where  the  Pollution  of  the  Water  is  decreasing  as  the  Distance  from 
Worcester  increases. 
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nalt/ses,  made  during  the  Week  ending  Sept.  11,  1895.  of  the 
!  Slackstone  Biver,  from  a  Point  just  below  the  Precipitation 
brcesler  to  ilillville.  This  Table  represents  the  Portion  of  the 
the  Pollution  of  tAe  Water  is  decreasing  as  the  Distance  from 
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Id  the  following  tables  are  given  the  detailed  results  of  the  exanii- 
itions  of  1895. 

As  already  stated,  the  samplea  were  taken  in  the  same  maimer  and 
the  same  places  as  in  1891,  In  collecting  the  samples  of  sewage 
r  chemical  analysis  one  bottle  was  filled  every  six  hours,  and  its 
intents  were  made  up  of  twelve  equal  half-hourly  collections.  The 
mples  of  effluent  were  collected  in  the  same  way,  hut,  as  the 
Qount  of  sewage  being  treated  required  about  six  hours  for  its 
tssage  through  the  tanks,  the  samples  of  effluent  were  taken  six 
)ura  later  than  the  corresponding  samples  of  sewage.  In  collect- 
g  the  samples  from  the  river  above  and  below  the  precipitation 
orka  three  bottles  were  filled  every  twenty-four  hours,  each  bottle 
'ing  made  up  of  two  or  three  equal  portions.  From  other  points 
1  the  river  and  its  tributaries  only  one  sample  per  day  was  collected, 
it  wherever  it  was  practicable  this  sample  was  made  up  of  from 
CO  to  four  equal  portions. 
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Chemical  Examination  of  Worcester  8ewa 
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Crane's  Siter. 
Chemical  Examination  of  Water  from  Crane^a  River,  Danvers. 
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DBERFtELD   RITER. 

Deebfield  KrvEH. 

Tiemieat  Examination  of  Water  from  the  Ikerfleld  Biver  above  Shelburne  Falls. 

[Paru  per  100,000.] 
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French  Riveb. 

iemical  Examination  of  Water  from  French  Biver  and  its  Tributaries  in  Webster. 

[Psrtt  per  lOO.OOO.] 
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HOnSATONIC  RtV£R. 


HODSATONIO   RlVEE. 
Chemical  Examinalion  of  Water  from  the  ffousalonic  Biver  at  New  Lenox. 
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Meretmaoe  River. 
The  usual  monthly  ezaminations  of  the  water  of  this  river  opposite 
le  intakes  of  the  Lowell  and  the  Lawrence  Water  Woiks  have  been 
>Dtinaed  during  1895,  the  detailed  reuulta  of  which  may  be  found 
Q  pages  204  and  191  of  this  volume.  A  comparieon  of  the  analyses 
lade  at  theae  two  places  during  the  year  is  given  in  the  following 
ible:  — 
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MEBBIUACK   BIVBB. 

Table  comparing  the  A-talr/ses  above  LowtU  with  those  above  Lawrence,  1895- 
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In  order  to  compare  these  results  with  almilar  oaea  obtaioed  in 
previous  years,  another  table  is  presented,  which  contains  tbe  io- 
crease  in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  in  the  last  line  of  tbe  above  table,  and  the 
corresponding  increase  in  previous  years  :  — 

Incrense  in  the  Amounl  of  ImpurUita  in  the  UerHmaek  Biver  Water,  from  a  Point 
above  Lowell  lo  Lawrence,  aa  diUertnined  by  the  Regular  UoTttMy  ExamituUiotu 
of  Ditfirenl  Yean. 

[P»m  p»r  100,000.] 
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BXBBBIHACK  BIVER. 

\emical  Examination  of  WaUr  from  the  Merrimack  River  above  Lowell,  opposite 
the  Intake  of  the  LoweU  Water  Worla. 

(FMMptrlOO.OOa.l 
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Chemical  Examination  qf  Water  from  the  Merrimack  Siver  below  LoweU. 
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MeBBIMA.CE    BIVEB. 

Chtmical  Examinat0n  of  Water  from  the  Merrimaek  Biver  above  Haverhill. 
[Pan*  i>*r  ii»,<NO.] 
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Chemicat  Examination  of  Water  from  the  Merrimaek  River  below  Baverhilt. 
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nashua  riteb. 

Nashua  Rivkb. 

Chemical  Examination  of  Waler  from  the  North  Branch  of  the  Nashua  River, 
below  FOchburg. 

[Put*  par  ND.WO.] 
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NASHUA  BIVBB. 

(Sumical  Examinalion  of  WaUrJrom  the  Xorth  Branch  of  the  Nashua  River,  just 
above  Us  Confiueaoe  with  the  South  Branch  at  Lancaster. 

[Puta  pw  1W,«00.] 
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SASBDA  BIVEB. 

Chemical  Examination  of  Water  Jivm  the  Quinepoxet  River  in  Balden. 

[Put*  p«r  100,000.] 


d 

■5 

1 

AmiUBCL 

"S"" 

AHM 

^ 

] 

»„»,™ 

1 

s 

i 

1 

1 

1 

il 

1 

A,  «n,h»ld.  _1 

1 

1 

1 

1 

1 

.! 

1 

i»n 
ttm 

lUU 
1UT> 

1«T« 

IttOT 
IMS* 

Ju.  i 

Mir.  6 
Apr.  1 

M.r  1 

J<1D*4 

Joly  S 
Ad|.S 
B.pt.3 
Oot.    2 

No.,  a 

Dm.  3 

Dl>tlDet, 

milky, 

Dlillncl. 

BUghl. 

Blight. 

SllihU 

IMillciet. 

Dlidnflt. 

DUtlDd. 

"»»■ 

DUUdM. 

'"■»■ 

Bll«ht. 
ConS?'" 

,;»"• 

CODI. 

Cou. 
Bllfbt. 
Bllsht. 

eiiihL 

aught. 

Slltht. 
BUgbt 

0.6T 

E 

D.U 
l.H 
I. SO 

D.M 
9.  SO 

t.ta 

I.W 
I.BB 

s.u 

(.30 
S.W 

s.u 
t.w 

's.«o 

3.10 

I. a) 

l.U 

l.TO 
1.05 

I.W 

!.I0 

i.ao 

.0028  .0»1 

.0004.0IM 

.OOH  .0300 
.OOK.OUB 
.OoW.OMO 
.OOH.OIM 
.0000.00* 
.0003  .OIH 

:Z 

.0M» 

.om 

.02H 

.0101 
.o»s 

.DZ9B 

.oou 

z 
"" 

z 

.OOH 
.0000 

.sa 

.40 

.13 
,38 

.oiH  .0001 

.0180.0000 
,0080.0000 

.0100  .000 

-OOM.OOOO 
,0070.0000 
.0160  .0000 

Loom  .0000 

•■"" 

O.VIU 

E 

0.I284 
0.B8SO 

o.ioai 

12 

0 
0 

t 

*!F 

! 

•■" 

*.i7 

1.97 

IWM 

m, 

.38 

■«" 

■n'-T 

AverageB  by  Teart, 


18M    1 

18M 
1806 

1.83 
>.«1 

8.78 

il:" 

l.W 
1.4T 

i 

...» 

.0103 

I 

.oies 

.0100 
.OlTl 
.OlM 

.00!«[  .10 
.0013  ,30 
.0043  ,30 

-3- 

.0031 

.0001 
.0001 

.0003 

.047T 
.W90 
.1770 

\ 

D  Qoldan,  ud  1,000  I* 


34.] 


EXAMINATION  OF  RIVERS. 


407 


NASIITTA  RIVER. 

lical  Examinaiion  of  WaUr  from  the  South  Brandt  of  the  Smhua  Eiverjuat 
above  iU  ConfiueTux  with  the  North  Branch  at  Lancatter. 

[PUU  pW  100,000.] 
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NBFOXSBT  BirSB. 

NePONBBT  RtVBB. 

An  iriTestigatioD  of  the  condition  of  the  Neponaet  Biver  was  mad 
in  August  and  September,  1895,  and  the  results  of  the  examiaatio 
of  samples  of  water  from  many  points  on  the  main  river  and  its  tril: 
utariea  are  given  below.     A  similar  inveatigation  was  made  in  1891 

Chemical  Examination  of  Watt 
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NSPONBBT  RIVBB. 

the  results  of  which  were  given  on  pages  319-336  of  the  annual  report 
for  that  year. 

Both  ezaminationB  were  made  at  a  titoe  of  low  flow  in  the  rirer, 
and  a  compariBou  of  the  analyseB  indicates  that  the  condition  of  the 
river  was  generally  worse  in  1895  than  at  the  time  when  the  exami- 
nation was  made  in  1891. 


from  Ok  Nepontet  River. 
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iraPONSET  BIVKB. 
mktU  Examination  of  Water  from  the  Nepontet  River  above  Hyde  Park  —  Con- 
cluded. 

[P«n«  per  lOD.ooo.] 
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Ckemical  Examination  of  Water  from  Che  Neponaet  River  at  MaUapan. 

[P»rt«  per  10O.0OD.] 
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tmieal  Examination  of  Water  from  the  Neponsel  River  at  Mattapan  —  Con- 
cluded. 

[Parte  per  100/100.] 
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Wahb  RrvEH. 
•J  Examination  of  Water  from  Ware  Siva-  at  Cold  Brook  Station,  I 
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SUMMAET  OF  WATEE  SUPPLY  STATISTICS. 


During  the  year  1895  a  pablic  water  supply  waa  introduced  for 
e  first  time  into  the  towns  of  Barre,  Longmeadow,  Millbury, 
onson  and  Rockport,  and  important  additions  to  many  of  the 
[isting  worka  were  made,  to  increase  the  capacity  of  existing  sources 
'  supply. 

The  following  table  girea  a  clasaification  by  population  of  cities 
id  towns  having  and  not  baring  public  water  soppliea  December  31, 
195 ;  the  populations  are  taken  from  the  census  of  1895  :  — 
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From  the  totals  given  in  the  preceding  table  it  will  be  peeo  that  of 
B  353  cities  and  towns  in  the  State  154,  or  43 . 6  per  cent. ,  have  a  pub- 
water  supply,  and  the  total  population  of  the  places  supplied  repr»- 
ats  89.5  percent,  of  the  total  populationof  the  State.  The  number 
people  to  whom  a  public  water  supply  is  available  is  somewhat 
18  than  the  total  population  of  the  municipalities  supplied,  but  the 
fereooe  is  not  large.     There  are  now  but  11  towns  having,  by  the 
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ceoBua  of  1895,  a  popalation  exceeding  3,000  which  are  not  pro- 
vided with  a  public  water  supply  j  these  are  given  in  the  following 
teble :  — 
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In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  of  supply  was 
first  introduced  into  a  city  or  town  :  — 
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Dnring  the  year  1895  the  cities  of  Gloucester  and  Kewburypor 
took  possesBion  of  the  works  which  were  formerly  owned  by  wate: 
companies.  At  the  end  of  the  year  all  of  the  32  cities  in  the  State 
having  an  aggregate  population  of  1,616,632,  owned  their  wate: 
works.  Of  the  123  towns  having  a  public  water  supply,  77,  with  i 
total  population  of  407,806,  own  their  works,  while  46,  having  i 
total  population  of  212,579,  are  supplied  by  private  companies 
The  total  population  in  both  cities  and  towns  owning  works  i 
2,240,438,  against  212,579  in  those  supplied  by  private  companiea 

The  growing  tendency  in  recent  years  toward  municipal  cootro 
of  water  supplies  is  indicated  by  a  comparison  of  the  precedioj 
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similar  figures  for  1890.  At  that  time  5  of  the  28  cities 
hariDg  public  water  supplies  and  50  of  the  109  towns 
ed  by  private  companies.  The  total  population  of 
and  towns  was  318,319,  or  16  per  cent,  of  the  total 
upplied,  while  in  1895  only  9.5  per  cent,  of  the  total 
upplied  was  supplied  by  private  companies, 
ring  table  gives  statistics  with  regard  to  the  consumption 
the  cities  and  towns  in  this  State  where  such  records  are 
consumption  per  inbabitaot  has  bees  obtained  by  divid- 
rage  daily  consumption  by  the  total  population  of  the 
in  1695,  and  consequently  is  somewhat  less  than  the 
per  consumer,  because  there  are  in  all  cities  and  towns 
o  not  use  the  public  wat«r  supply  This  difference  is 
d  in  towns  containing  villages  to  which  the  public  water 
lot  been  extended,  and  in  towns  where  the  works  have 
ration  but  a  short  time  and  where  water  has  not  come 
use.  In  some  towns  the  population  during  the  summer 
lucb  greater  than  ie  shown  by  the  census  returns,  and 
s  the  consumption  per  iobabitant  as  givea  in  the  table 
higher  than  it  would  be  if  allowance  should  be  made 
ased  population  in  sammer. 


■■Ming  to  the  Contumption  of  Water  in  Various  Otties  and  Towni. 
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Rainfall. 
ifall  for  the  year  1895  was  very  slightly  less  than  Dormal, 
ncy  being  0.63  of  an  inch.  There  was  an  excess  of  rain- 
I  months  of  April,  Jaly,  October  and  November,  and  a 
in  all  the  remainiag  months,  the  greatest  deficiency  occur- 
tbruary.  The  greatest  excess  occurred  in  the  months  of 
nd  November.  An  exceptionally  heavy  rainfall  occurred 
tern  part  of  the  State  from  October  12  to  14,  the  greatest 
corded  being  8.49  inches  at  Framiogham.  The  distribu- 
nfall  was  such  as  to  cause  a.  very  low  fiow>  in  the  streams 
)r  part  of  August,  in  September  and  in  the  earlier  portion 
'.  The  average  rainfall  in  Massachusetts,  as  deduced  from 
aued  observations  in  various  parts  of  the  State,  is  45.30 
n  the  following  table  is  given  the  normal  rainfall  in  each 
1895  and  departures  from  the  normal :  •  — 


Inebu. 

iDCbtl 

iMbH. 

iBCiM. 

■ffiS'.'- 

"^ 

' 

M 

M 
71 
10 
K 

1.01 
3.91 

I.IT 
t.U 
t.El 

-a.sT 

+1.M 
-l.U 

■Ki.« 

IMS. 

AaguM,         .       . 

Ocuhet,       .       . 

DMUt>b«.     .          . 

B.n 

1.M 

-l.M 

+1.21 

-o.ie 

4fi.>0 

M.eT 

-O.M 

lie  the  condition  preceding  the  collection  of  samples  of 
ny  part  of  the  State  to  be  understood,  the  following  tables 
ted,  which  give  the  daily  rainfall  in  inches  at  nine  stations 
hroughout  the  State :  — 
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Daily  Bainfall  in  Inchet  at  Nine  Places  in  Matsaehuaettt,  QeographicaUy  * 
— Continued. 
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THE  HABDNUSS  Ol"  WATEB 


iDS  BY  WHICH  IT  IS  DETERMINEB. 


By  ELLEN   H.  RICHARDS,  S.B. 


THE  HARDNESS  OF  WATER  AND  METHODS  BY  "WHICH  IT  IS 
DETERMINED. 


Kot  the  least  importaat  conBideration  which  may  influence  the 
choice  of  a  water  Bupply  is  that  regurdiog  the  quantity  of  calcium 
aad  magoeeium  salts  it  contains,  and  which  give  to  it  the  property 
known  aa  "  hardness." 

ExcesBive  bardness  renders  a  water  unfit  for  many  domestic  uses, 
because  of  the  waste  of  soap  in  the  laundry  and  its  injurious  effect 
on  cooking  utensils  and  on  some  foods.  Ab  a  question  of  economy, 
therefore,  the  amount  of  calcium  and  magnesium  salts  in  a  water  is 
of  importance.  The  separation  and  determination  of  the  different 
mineral  salts  in  water  is  a  somewhat  long  and  tedious  process. 
The  weight  of  the  residue  on  evaporation,  taken  alone,  does  not  fur- 
ni:>h  the  information  sought,  for  the  residue  may  consist  chiefly  of 
potassium  or  sodium  salts,  which  do  not  cause  water  to  have  tt^e 
objectionable  quality  of  hardness  which  is  imparted  to  it  by  the  salts 
of  calcium  and  magnesium.  A  ready  means,  therefore,  of  determin- 
ing at  least  the  relative  hardness  of  a  given  sample  is  valuable,  and 
this  means  is  found  in  the  Boap-destroying  power  of  different  waters. 

A  difficulty  in  the  way  of  making  the  determination  of  hardness 
by  the  amount  of  soap  required  to  give  a  permanent  lather  lies  in  the 
indefiniteness  of  the  various  substances  known  as  "  soap,"  and  much 
confusion  has  arisen  from  the  effort  to  construct  scateB  of  "  degrees  " 
of  hardness  on  this  basis. 

Dr.  Edward  Fraokland*  avoided  this  difficulty  by  stating  the  re- 
sults in  terms  of  calcium  carbonate  in  100,000  parts  of  water,  thus 
making  the  determination  more  accurate  and  consistent  with  the 
other  results  of  analysis. 

This  method  (described  later),  with  all  the  precautions  carefully 
observed,  has  been  used  in  all  the  chemical  work  of  the  Massachu- 
setts State  Board  of  Health  since  1S72. 

•  Water  Aotljili,  IBM. 
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If  c&lcium  carbonate  and  chloride  were  the  only  Balta  to  be  met 
with,  or  if  calcium  and  magneaium  salta  occurred  separately  in  waters, 
the  results  would  be  quantitative  -,  but,  as  the  salts  usually  occur  mixed 
in  unknown  proportions,  the  figures  given  uuder  the  heading  "  hard- 
ness "  are  accurate  only  within  limits. 

As  recorded  in  the  reports  of  the  State  Board  of  Health,  the 
figures  under  *'  hardoeaa"  indicate  the  number  of  grams  of  calcium 
carbonate  which,  dissolved  in  100,000  grams  (100  litres)  of  distilled 
water,  would  decompose  aa  much  soap  as  wpuld  100  litres  of  the 
water  in  question.  If  the  mineral  salt  was  magnesium  carbonate  or 
calcium  sulphate,  the  figure  would  be  slightly  different ;  and  if  two 
or  three  of  these  compounds  were  present,  yet  a  different  figure 
would  be  given.  Ordinary  soaps  contain  from  23  to  31  per  cent,  of 
water,  and  in  combining  power  have  been  found  to  vary  from  75  to 
90  per  cent,  of  the  value  of  the  standard  soap  used  in  the  determi- 
nations, with  a  tendency  to  the  lower  limit.  Not  to  burden  this 
paper  with  the  long  series  of  experiments  and  calculations  made,  it 
may  be  said  that,  on  an  average  which  includes  some  wide  variations, 
the  weight  of  soap  required  to  give  a  lather  which  will  remain  five 
minutes  is  ten  to  twelve  times  the  weight  of  the  calcium  and 
magnesium  salts. 

From  the  figures  under  the  heading  "  hardness,"  in  the  tabulated 
analyses,  an  estimate  may  be  made  as  follows  :  — 

If  the  hardness  of  a  water  is  given  as  9.0,  it  means  that  io 
100,000  pounds  of  water  there  is,  of  calcium  and  magnesium  salts, 
a  quantity  which  gives  the  same  hardness  to  water  which  would  be 
given  by  9  pounds  of  calcium  carbonate.  In  order  to  sotten  this 
water  for  manufacturing  purposes  about  9  pounds  of  soda  ash  will 
be  required,  and  for  laundry  purposes  about  90  pounds  of  soap. 

Massachusetts  is,  as  regards  hardness,  exceptionally  fortunate  in 
her  water  supplies.  Of  153  sources  supplying  143  cities  and  towns, 
only  13  per  cent,  show  over  4  parts  per  100,000  of  hardness,  while 
half  of  the  remaining  87  per  cent,  have  a  hardness  below  1.5  parts, 
and  13.7  per  cent,  of  the  whole  number  have  a  hardness  of  less  than 
0.5  of  one  part.  Of  the  19  supplies  which  have  a  hardness  of  more 
than  4,  six  are  between  4  and  5,  fouraro  between  5  and  6,  three  are 
between  6  and  10,  one  is  between  10  and  15,  five  are  over  15. 
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Methods  op  Determination  op  Habdness. 
1.     By  Soap, —  ClarJc's  Method. 

When  potassium  or  sodium  soap  is  added  to  water  coataioin 
calcium  aud  magnesium  salts,  the  soap  is  decomposed,  aad  insolubl 
compounds  with  the  fatty  acids  are  produced. 

Upon  this  decomposition  of  soap  is  based  the  method  for  th 
determination  of  "  lime  salts"  which  was  perfected  and  patented  b 
Thomas  Clark*  in  1841.  Variously  modified  by  French,  Germa 
and  English  chemists,  the  principles  he  formulated  proved  of  genen 
application.  He  employed  sixteen  standard  calcium  carbonate  soti 
tions,  containing  from  one  to  sixteen  "degrees  of  hardness,"  on 
degree  meaning  one  grain  of  calcium  carbonate  to  the  imperial  gallot 
The  soap  solution  was  prepared  by  dissolving  hard  soap  in  proo 
spirits  and  making  up  to  such  a  strength  that  100  test  measures  o 
the  standard  calcium  carbonate  solution  of  16  degrees  of  hardnet 
should  take  32  test  measui'es  of  soap  solution,  a  test  measure  bein 
T-^  part  of  a  gallon. 

Hardness  may  be  temporary,  caused  by  the  presence  of  bica: 
bonates  which  are  decomposed  by  boiling  heat,  with  the  liberatio 
of  carbon  dioxide  (carbonic  acid),  or  permanent,  caused  by  coo 
pounds  other  than  the  bicarbonates.  In  the  Clark  process  the  toti 
hardness  is  determined  on  the  unboiled  water  and  the  permanent  c 
the  boiled,  the  difference  being  the  temporary  hardness.  The  toti 
hardness  only  is  given  in  the  results  tabulated  in  the  State  Boai 
of  Health  reports. 

The  solutions  used  in  the  laboratory  for  water  analysis  are  mac 
as  follows ;  — 

A  standard  calcium  chloride  solution  is  prepared  by  dissolvic 
0.2  gram  of  Iceland  spar  in  dilute  hydrochloric  acid  in  a  platinui 
dish  and  evaporating  to  dryness,  redissolving  in  a  small  amoui 
of  water  and  again  evaporating  to.  dryness.  This  is  repeate 
several  times,  until  all  the  free  acid  is  removed  and  a  perfect) 
□eutral  salt  remains  which  is  dissolved  in  water  and  made  up  I 
one  litre.  One  cubic  centimeter  then  contains  calcium  chloric 
equivalent  to  0.0002  gram  calcium  carbonate. 

For  the  preparation  of  the  standard  soap  solution  100  grams  c 
the  best  quality  of  dry,  white  Castile  soap  is  cut  into  thin  shaving 
dissolved  in  dilute  alcohol  (500  cubic  centimeters  alcohol,  96  pi 

■  Clark'a  ProcMi.  R«pertor7  Patent  Inrcntloiu,  18U. 
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cent.,  and  500  cubic  centimetera  of  distilled  water)  and  allowed  t 
stand  over  night  to  settle ;  100  cabtc  centimeters  of  the  clear  liqni 
are  then  made  up  to  two  litres,  enough  alcohol  being  used  to  kee 
all  of  the  soap  in  solution.  Fifty  cubic  centimeters  of  the  standan 
solution  of  calcium  chloride,  which,  according  to  the  table,  shonl< 
take  exactly  14.25  cubic  centimeters  of  standard  soap,  are  used  t 
test  its  strength.  The  solution  thus  prepared  does  not  change  pei 
ceptibly  if  air  has  no  access  to  it,  and,  if  used  with  a  siphon  burett 
attached  to  the  bottle,  will  keep  for  five  or  six  weeks  or  longer.  ] 
contains  5.2  grams  of  Castile  soap  to  the  litre. 

For  the  standardization  of  the  soap  and  for  the  determination  o: 
the  hardness  of  any  water,  50  cubic  centimeters  of  the  water  to  b 
tested  or  of  the  standard  calcium  chloride  solution  are  placed  in 
flask  or  bottle  of  200  cubic  centimeters  capacity  and  of  a  convenieii 
shape,  and  the  soap  solution  added,  two  or  three  tenths  of  a  cubi 
centimeter  at  a  time,  shaking  well  after  each  addition,  until  a  lathe 
is  obtained  which  is  permanent  for  five  miuutea,  and  covers  th 
entire  surface  of  the  liquid  with  the  bottle  placed  on  its  side. 

The  following  table  gives  the  hardness  corresponding  to  the  nuna 
ber  of  cubic  centimeters  of  soap  solution  used  in  the  analyses  ;  — 

Table  ofHardneu. 
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The  importance  of  adding  the  soap  aolution  in  email  qoaDtities 
caoDot  be  too  strongly  emphasized,  especially  in  the  presence  of 
magnesium  compounds.  If  much  carbonic  acid  be  liberated,  it  is  well 
to  follow  the  original  directions  and  remove  it  by  suction.  It  will 
be  observed  that  the  table  does  not  admit  of  the  determlDatiou  of 
hardness  above  12.5  parts.  Id  case  the  water  under  examination  re- 
quires more  than  10  cubic  centimeters  of  the  standard  soap  solution, 
ft  smaller  portion  of  25  cubic  centimeters,  10  cubic  centimeters,  or 
even  2  cubic  centimeters,  as  the  case  may  require,  is  measured  out 
and  made  up  to  a  volume  of  50  cubic  centimeters  with  recently  dis- 
tilled water.  This  will  keep  the  results  comparable  with  each  other, 
although  the  element  of  dilution  introduces  a  slight  error  into  the 
calculation. 

2.     By  Acid,  —  Homer's  Method. 

Attempts  have  been  made  to  determine  the  calcium  and  magnesium 
salts  by  means  of  standard  acid  and  alkaline  solutions  instead  of  by 
soap.  An  exhaustive  study  of  the  relative  practical  value  of  one  of 
these,  as  compared  with  the  soap  method,  was  made  in  1890  in  the 
laboratory  of  the  State  Board  of  Health.  A  condensed  summary  of 
the  results  is  here  given. 

The  standard  solutions  used  are  sodium  carbonate,  1.06  grams  to 
the  litre,  one  cubic  centimeter  corresponding  to  0.0001  gram  calcium 
carbonate,  and  sulphuric  acid  of  such  a  strength  that  one  cubic  cen- 
timeter will  exactly  neutralize  one  cubic  centimeter  of  the  standard 
'sodium  carbonate  (0.98  gram  of  sulphuric  acid  to  one  litre). 

For  the  determination  of  the  temporary  hardness,  100  cubic  centi- 
meters of  the  water  to  be  tested,  tinted  with  lacmoid,  which  is  the 
best  indicator  to  use  with  surface  waters,  are  heated  nearly  to  boiling 
in  a  porcelain  dish,  and  the  standard  acid  added  to  a  neutral  reaction. 
Each  cubic  centimeter  of  acid  corresponds  to  one  part  of  calcium 
carbonate  per  100,000. 

For  the  permanent  hardness,  another  100  cubic  centimeters  of 
water  are  taken,  and  enough  of  the  standard  sodium  carbonate 
solution  added  to  more  than  decompose  the  salts  of  calcium  and 
magnesium,  and  the  whole  evaporated  to  dryness  in  a  platinum  or 
nickel  dish.  (Glass  and  porcelain  cannot  be  used,  as  too  large  an 
error  is  introduced  from  the  alkali  dissolved  from  these  substances.) 
The  residue  is  first  treated  with  boiling  distilled  water,  which  has 
been  boiled  for  a  few  minutes  to  remove  any  carbonic  acid,  and  then 
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filtered  through  a  soaall  filter  which  must  be  well  washed, 
tiated  with  lacmoid  and  the  excess  of  free  alkali  determii 
standard  acid.* 

The  Dumber  of  cubic  centimeters  of  sodiam  carbonate 
the  acid  used  for  neutralization,  gives  the  permanent,  an 
of  the  two  gives  the  total,  hardness. 

With  alkaline  waters,  with  sewage  and  with  some  se' 
ents,  a  correction  must  be  made  for  the  excess  of  alka' 
nates  ;  but  in  these  cases  the  results  after  correction  do  d< 
as  closely  with  the  soap  method  as  do  those  obtained  with 
waters. 

The  following  tabulated  results  were  obtained  by  the  twi 
which  were  tried  on  a  number  of  ground  and  surface  watei 
eral  samples  of  sewage,  in  every  case  the  total  hardt 
given ;  — 
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These  two  metbods  were  tbeo  tried  apoD  three  samples  of  s 
the  results  of  which  show  wide  differences :  — 
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These  three  samples  were  strongly  alkaline,  in  every  c 
method  giving  the  higher  results. 
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The  extent  to  which  the  presence  of  magnesium  salts  affects  tiie 
results  is  well  shown  in  the  following  table,  which  gives  not  only  the 
total  hardness  but  the  amount  of  each  salt  which  caused  it,  as  deter- 
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EXPERIMENTS  UPON  THE  PUEIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION/ 


By  Habrt  W.  Clark,  Chemiat  in  Charge. 


The  yenr  1895  is  the  eighth  that  the  expeiimeotal  work  of  the 
Lawrence  Experiment  Station  has  been  continued.  The  work  has 
been  carried  on  under  the  general  aupervieion  of  Hiram  F.  Mills, 
A.M.,  C.E.,  a  member  of  the  State  Board  of  Health.  Mr.  Geo.  W. 
Fuller,  biologist,  was  in  direct  charge  of  the  station  antil  August, 
1895,  when  the  writer,  who  bad  previously  been  in  charge  of  the 
cbemicat  department,  succeeded  Mr.  Fuller  in  charge  of  the  station. 
Mr.  W.  R.  Copeland  is  in  charge  of  the  biological  department,  witl^ 
Mr.  Lewis  Weinberg  as  assistant  biologist.  Mr.  F.  B.  Forbes  is 
assistant  chemist.  Profs.  T.  M.  Drown  and  W.  T.  Sedgwick,  of 
the  Massachusetts  Institute  of  Technology,  have  been,  respectively, 
consulting  chemist  and  biologist,  having  a  general  oversight  of  the 
chemical  and  biological  investigations. 

The  investigations  at  the  Lawrence  Experiment  Station  during 
the  year  1895  have  been  along  the  same  general  lines  as  in  previous 
years,  and  additional  and  valuable  data  upon  the  subjects  of  sewage 
and  water  purification  have  been  obtained.  The  question  of  the 
permanency  of  sewage  filters  and  the  best  methods  of  management 
to  secure  this  permanency,  preliminary  treatment  of  sewage  by 
different  methods  to  remove  sludge  before  filtration,  and  different 
methods  of  aerating  sewage  filters  to  secure  the  greatest  efficiency, 
quantitative  and  qualitative,  have  been  studied.  In  addition  to  this, 
studies  of  the  composition  of  sewage  have  been  continued,  and  in- 
vestigations of  methods  for  the  disposal  or  utilization  of  waste  liquors 
of  industrial  works  have  been  begun. 

The  investigations  upon  water  filtration  have  been  directed  towards 
the  subjects  of  high  rates  of  filtration  and  the  effectiveness  of  shallow 

>  A  Aill  acGOant  of  tbe  work  done  a.t  the  Lawrence  Experiment  SUtloQ  tor  the  yearg  I88B  and 
1BS9  1b  conUlned  in  a  special  report  of  tbe  State  Board  of  Healtb  apon  the  Pnrlficatian  nt  Sew- 
age and  Water,  1890.  A  similar  acconni  for  tbe  fears  1B90  and  1891 19  contatoed  in  tbe  twenty- 
tblrd  aniiaal  report  of  the  Board  for  tbe  year  1891.  SiDce  I89I  tbe  resulta  have  been  pobllsbed 
f  ekilj  in  Uie  annual  reports. 
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iters  compared  with  deeper,  the  iofluence  of  period  of  use  upoD  thi 
lalitatire  and  quaotitative  efficiency  of  filters,  the  efficiency  of  sand 
'  a  character  not  before  used,  and  studios  of  the  operatiou  am 
isults  —  chemical,  bacterial  and  hygienic  —  obtained  by  the  Law 
mce  city  filter.  A  portion  of  the  investigation  into  the  conditio] 
'  the  NepoDset  River  has  been  carried  out  by  the  force  employe* 
;  the  laboratories  of  the  station. 

Filtration  of  Sewage. 

The  sewage  applied  to  the  experimental  filters  is  drawn  through  i 
5  inch  pipe,  4,300  feet  long,  from  the  Lawrence  Street  sewer  at  i 
>int  just  below  the  main  business  street  of  the  city  and  just  aboT< 
le  entrance  of  wastes  from  the  large  mills.  This  sewer  drains  tb< 
reeta,  houses  and  stores  of  the  most  densely  populated  section  ol 
le  city. 

When  the  inTcstigations  at  the  station  were  begun,  the  sewag< 
rawn  from  this  sewer  was  of  a  composition  and  strength  quite  dif 
i-ent  from  the  sewage  used  at  the  present  time.  There  are  i 
imber  of  reasons  for  this  change,  the  most  important  being  thi 
le  at  the  present  time  of  day  sewage  only  at  the  station,  and  i 
rge  increase  in  the  number  of  house  connections  with  the  sower 
ow  rainfall  and  a  smaller  consumption  of  water  per  capita  also  havi 
1  influence. 

i£Ie  showing  Compariton  of  Average  Analyiti  of  Sewage  applied  to  Experi 
meittal  Fillers  at  Different  Period*. 
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:>MPOsrnoif  of  Sewaoe  and  Results  of  Analtbes  of  Sewaqi 

APPLIED  to  Experimental  Filters. 
The  above  table  shows  that  the  sewage  of  1894  was  strongei 
an  the  sewage  of  the  six  preceding  years,  and  that  during  189! 
was  still  stronger  than  in  1894.     The  quantity  of  free  ammoDJi 
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and  the  numbers  of  bacteria  present  have  both  largely  increased, 
the  total  albuminoid  ammonia  is  much  greater  than  heretofore,  while 
the  quantity  of  insoluble  albuminoid  ammonia  is  nearly  double  that 
of  any  previous  year.  Analyses  of  samples  of  sewage  collected 
directly  from  the  Lawrence  Street  sewer,  at  the  point  where  the 
pipe  from  the  sewer  to  the  station  begins,  have  been  made  each 
week  during  the  year.  These  samples  have  been  collected  almost 
invariably  between  eight  and  nine  o'clock  in  the  morning,  when 
the  strongest  sewage  of  the  day  is  passing  through  the  sewer.  The 
results  of  the  monthly  averages  of  these  analyses  are  given  in  the  next 
table,  and  the  second  table  beyond  shows  the  results  of  the  monthly 
analyses  of  the  regular  station  sewage.  The  greater  quantity  of  free 
ammonia  and  the  lower  quantity  of  oxygen  consumed  in  the  station 
sewage  are  due  to  the  slow  passage  of  the  sewage  through  the  2.5 
inch  pipe  from  the  sewer  to  the  station,  with  the  consequent  bac- 
terial and  chemical  changes.  It  will  also  be  noticed  that  the  sewage 
taken  directly  from  the  Lawrence  Street  sewer  has  invariably  con- 
tained nitrogen  in  the  form  of  nitrates  and  nitrites  and  aluo  free 
dissolved  oxygen,  and  that  these  substances  have  disappeared  when 
the  sewage  reaches  the  station. 


Monthly  Averaga  of  AtuUyset  of  SewOge  from  the  Lawrence  Street  Sewer. 
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Monthly  Averages  of  Analyses  of  Average  Sewage  Samples 

[Punt  per  100.000,] 
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of  AtiOlyKi  of  Sewage   itrainett  through  Coke,  for   Filter 
No.  14  A. 
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Summarizing  these  results,  we  find  that,  by  allowing  the  sewage 
to  settle  in  barrels  for  four  hours  and  then  drawing  a  sample  for 
analysis  from  a  faucet  half-way  between  the  top  and  bottom  of  the 
barrel,  this  sample  shows  a  removal  of  48.0  per  cent,  of  the  organic 
matter  (total  albuininoid  ammonia)  and  31.0  per  cent,  of  the  bac- 
teria. By  this  same  treatment,  together  with  the  addition  of  sul- 
phate of  alumina,  a  removal  of  63.0  per  cent,  of  the  organic  matter 
and  61.0  per  cent,  of  the  bacteria  has  been  obtained.  By  straining 
sewage  through  a  layer  of  coke,  54.0  per  cent,  of  the  organic  mat- 
ter and  54.0  per  cent,  of  the  bacteria  have  been  removed  from  the 
entire  volume  of  sewage  strained. 
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taken  was  980,  The  samples  were  collected,  as  in  1804,  at  a  man- 
hole several  huadred  feet  fi-om  the  buildings,  and  just  above  the 
settling  tank  through  which  the  sewage  passes  on  its  way  to  the 
irrigating  Geld.  The  high  temperature  of  the  sewage  is  due  to 
the  fact  that  a  considerable  portion  of  the  water  supply  is  used  for 
laundry  purposes  six  days  in  the  week.  The  sewage  is  very  fresh 
at  the  point  of  collection  of  samples;  that  is  to  say,  the  mixture  of 
organic  pollutions  and  water  has  very  recently  taken  place,  and, 
owing  to  this  fact,  the  sewage  uniformly  contains  nitrogen  in  the 
form  of  nitrates  and  nitrites,  and  the  proportion  of  free  ammonia  to 
organic  nitrogen  is  very  low.  In  fact,  the  sewage  is  so  fresh  that 
good  and  representative  samples  are  collected  with  di£Sculty,  as  the 
floating  matters  are  not  well  broken  up  before  reaching  the  point 
of  collection.  The  measurements  of  the  flow  of  sewage  were  taken 
from  the  meter  readings  giving  the  volume  of  water  used. 

Marlborough. — The  sewerage  system  of  this  city  ia  of  the  so- 
called  separate  type ;  but,  as  there  are  no  underdrains  beneath  the 
sewers,  a  considerable  volume  of  ground  water  enters  them.  The 
length  of  the  outfall  sewer,  from  the  last  lateral  to  the  point  where 
it  discharges  into  the  settling  tauk  at  the  filter  fleld,  is  about  four 
miles. 

The  following  series  of  samples  was  taken  October  30,  at  the 
man-hole  just  as  the  sewage  enters  the  settling  tank.  Measure- 
ments of  the  rate  of  flow  were  made  by  noting  the  length  of  lime 
taken  to  fill  one  of  the  compartments  of  this  tank.  Free  oxygen 
was  present  in  the  sewage  during  the  entire  twenty-four  hours. 

Framingham.  —  The  sewerage  system  is  arranged  with  under- 
drains beneath  the  principal  sewers  to  carry  ofi'  the  ground  water. 
The  series  was  collected  October  30,  at  the  point  where  the  sewage 
enters  the  collecting  basin,  about  one  mile  from  the  village.  Free 
oxygen  was  present  in  the  sewage  during  the  entire  twenty-four 
hours. 

In  regard  to  the  tables  given,  it  may  be  said  that  the  samples 
analyzed  were  made  up  of  equal  portions  of  sewage  taken  at  the 
hours  enclosed  by  brackets.  The  average  analysis  given  in  each 
case  is  a  simple  average  of  the  determinations  given,  and  is  not,  of 
course,  an  exact  representative  analysis  of  the  sewage  of  the  day. 

It  is  proposed  during  the  coming  year  to  take  more  frequent 
samples  in  each  series,  and  that  these  samples  shall  be  in  some 
measure  proportional  to  the  rate  of  flow  of  the  sewage. 
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'able  ahouring  CompariBon  of  Selative  Amounts  of  Different  Substances  in 
Representative  Sewage  from  the  Several  Places  Aforesaid. 

ilrogen  as  Albuminoid  Ammonia  (WanUyn'),  with  Organic  Nitrogen  (KjetdaM). 

[Parta  ptr  IDO/MO.] 
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This  laet  table  Bbows  the  relative  amonats  of  the  diff 
stances  in  the  average  sewage  of  each  place.  The  averaj 
of  the  Worcester  Hospital  sewage  agrees  very  closely  witt 
age  analysis  of  the  1894  series.  The  namber  of  iDhabiti 
institution  and  the  total  flow  of  sewage  for  the  day  are  a 
identical  for  both  years.  With  the  Marlborough  and  Fi 
sewages  the  amounts  of  these  various  substances  are  leas 
every  instance  in  1895  than  they  were  in  1894.  This  di 
due  to  the  fact  that  the  total  daily  flow  of  sewage  was  gret 
day  on  which  the  series  were  taken  in  1895  than  it  wai 
That  is  to  say,  the  sewage,  especially  at  Marlborough,  v 
by  a  mnch  larger  volume  of  ground  water,  owing  to  recer 

The  chief  points  of  the  analyses  to  be  noticed  are  I 
1894,  the  amount  of  organic  nitrogen  represented  by  the  t 
ammonia  is  a  comparatively  small  and  variable  per  cci 
found  by  the  Ejeldahl  method.  This  percentage  is  lowest 
sewage  is  freshest  and  the  amount  of  dissolved  oxygen 
where  the  sewage  is  most  stale,  that  is,  where  it  has  undi 
longest- continued  chemical  and  bacterial  action,  the  per 
greatest.  The  percentage  which  the  nitrogen,  as  free 
forms  of  the  total  nitrogen,  follows  the  same  general  rule. 


PERHANENOr    OF    SeWAOE    FILTERS. 

The  permanency  of  a  sewage  filter  depends  upon  the  mi 
of  an  equality  between  the  amount  of  organic  matter  appi: 
filter,  and  the  amount  purified  and  removed  in  the  effluent  o 
into  the  air  in  the  form  of  gas,  plus  the  amount  removed 
surface  of  the  filter.  If  a  limited  area  for  filtration  pur 
necessity,  there  is  of  course  more  or  less  accumulation  i 
matters  npon  the  surface  of  the  filter  or  within  the  upper  i 
of  the  filtering  material. 

If  the  sewage  is  fresh  when  it  flows  upon  the  filter,  tl 
matter  in  suspension  will  not  be  finely  divided  and  hence  \ 
out,  remain  npon  the  surface  of  the  filter,  and  can  be  remc 
out  removing  much  if  any  of  the  filtering  material.  Thi 
keeps  the  filter  porous,  in  good  conditioa,  and  the  dry  scud 
decomposes  so  slowly  that  it  does  not  create  a  ouisance. 
other  hand,  if  the  sewage  is  state  when  it  flows  upon  thi 
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area,  and  the  sludge  or  organic  matter  insuspenaioD  is  finely  divided 
by  the  comparstively  long-coDtinned  mechanical,  chemical  sod  bac- 
terial actions  through  which  it  has  passed,  a  much  larger  percentage 
of  this  organic  matter  will  pass  into  the  interstices  of  the  filtering 
material,  and,  if  removed  in  any  way  except  by  being  changed  into 
the  inorganic  form  and  passing  away  in  the  effluent  or  escaping  into 
the  air  in  the  form  of  nitrogen  and  carbon  gases,  a  considerable  por- 
tion of  the  surface  layers  of  the  filtering  material  will  have  to  bo 
removed  also. 

During  the  earlier  years  of  the  investigations  at  this  station  the 
sewage  applied  to  the  filters  was  comparatively  weak,  but  fresh ;  and 
considerable  trouble  was  experienced,  caused  by  the  clc^ging  of  the 
aui-facfl  of  the  filters  by  the  crude  organic  matters  of  the  sewage  ;  and 
comparatively  poor  purification  was  obtained  at  such  times,  because 
of  the  difficulty  with  which  the  sewage  passed  through  these  clogged 
surfaces,  and  also  because  of  insufficient  aeration  from  the  same 
■cause.  During  latter  years  the  sewage  applied  to  the  filters  has 
been  stale,  ^nd,  because  of  this  and  the  consequent  fine  division  of 
the  sludge,  there  has  not  been  so  much  clogging  of  the  surface  as 
formerly,  and  very  little  difficulty  has  been  experienced  in  disposing 
of  the  prescribed  daily  dose  of  sewage.  The  sewage  applied  to  the 
experimental  filters  contained,  on  an  average,  twice  as  much  unoxi- 
dized  nitrogen  during  1895  as  during  most  of  the  earlier  years  (see 
page  446),  and  hence,  although  the  number  of  gallons  per  acre  daily 
applied  to  the  ouUdoor  filters  has  been  largely  reduced  in  some  in- 
stances, the  amount  of  organic  matter  applied  has  not  been  reduced 
moch,  if  any.  This  stale  organic  matter  has  apparently  been  worked 
over  to  such  an  extent,  during  its  slow  passage  through  the  pipe  from 
the  sewer  to  the  station,  that  it  is  of  a  nature  more  easily  attacked 
by  the  bacteria  in  the  filter  than  was  the  former  fresh  organic  mat- 
ter. As  a  result  of  this,  there  has  not  been  the  steady  increase  of 
stored  nitrogen  and  fats  in  the  filters  that  foimerly  occurred.  The 
amount  of  this  stored  nitrogen  present  fluctuates  according  to  sea- 
sons of  high  or  low  nitrification. 
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Table  ihowing  the  Amount  of  Nitrogen  ttond  in  Ue  Band  of  FiUen  Ki 
ai  Different  Periods,  calcuUUtd  from  Determinations  of  AUmminoid 

[Part*  par  100,000  by  wdfht  at  dry  und,] 
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Id  this  table  the  amount  of  nitrogea  in  the  upper  sis 
filtering  material  is  not  given,  as  the  method  of  spadin 
surface  of  the  filters  to  this  depth  at  least  twice  each  y 
accurate  and  representative  determinationa  difficult  to  ol 
the  analyses  made  of  the  sand  of  this  portion  of  the  filten 
that  there  was  a  smaller  amount  of  stored  nitrogen  in  the 
inches  of  Filter  No.  1  in  October,  1895,  t^an  in  October, 
that  the  stored  nitrogen  in  the  upper  six  inches  of  Filter  N 
increased  but  little,  if  any. 

There  has  been  no  removal  of  clogged  sand  from  any  ol 
outdoor  filters  at  the  station  since  1893  (see  pages  413  ■ 
report  of  1893),  and  the  weekly  rakings  to  the  depth  of 
together  with  the  spading  over  of  the  surface  spring  and 
the  filters  in  such  condition  that  little  difficulty  is  ezperif 
the  inability  of  the  applied  sewage  to  pass  below  the  surj 
filter. 

The  actual  number  of  gallons  of  sewage  applied  to 
filters,  one  two-hundredth  of  an  acre  in  area,  from  the 
construction  up  to  Jan.  1,  1896,  is  given  in  the  foUowinf 
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Restino. 

With  tbe  idea  of  securing  the  removal  of  nitrogen  from  the  sur- 
face layers  of  the  large  outdoor  filters,  they  were  allowed  to  rest 
during  a  large  portion  of  the  months  of  October  and  November, 
1894.  The  weather  waa  very  cold  for  these  months,  and  this  pro- 
longed resting  resulted  in  destroying  active  nitrification  in  these 
filters,  and  as  a  result  the  purification  obtained  by  them  during  the 
ensuing  winter  was  very  poor.  Profiting  by  this  experience,  the 
filters  were  allowed  to  rest  for  short  periods  only,  and  during  warmer 
weather  in  October  and  November,  1895. 

It  is  very  doubtful  if  any  resting,  except  during  warm  weather, 
when  nitrification  is  active,  is  effective  in  removing  nitrogen,  but  it 
gives  the  filter  a  chance  to  drain  and  the  top  layers  of  material  to 
dry. 

Effect  of  Winter  Weatheb. 
The  first  efiect  of  winter  weather  is  the  diminution  of  tbe  activity 
of  the  nitrifying  oi^anism.  This  causes  the  nitrates  of  the  effluent 
to  become  low  and  increases  the  quantity  of  free  and  albuminoid 
ammonia.  If  the  sewage  applied  to  the  filters  does  not  contain  an 
excessive  amount  of  sludge,  or  organic  matters  in  suspension,  it  can 
be  applied  in  snch  volume  as  to  keep  the  filter  comparatively  free 
from  frost;  when  sludge  is  present  in  large  quantity,  however,  a 
large  volume  of  sewage  will  tend  to  clog  the  surface  of  the  filter  by 
tbe  deposition  of  this  sludge  upon  the  surface.  With  the  con- 
centrated sewage  now  pumped  at  the  station,  a  sewage  much 
stronger  than  the  average  of  the  twenty-four  hours'  flow  in  the  Law- 
rence Street  sewer,  this  difficulty  is  quite  a  factor  in  the  management 
of  the  filters.  Where  settling  basins  and  sludge  beds  are  in  opera- 
tion this  difficulty  can  be,  in  a  measure,  overcome. 

Atebaqe  Pdbificatiok  of  Sewaqe  by  the  Several  Filters  in 
1895. 
Hie  following  table  gives  the  average  results  obtained  by  the 
several  filters  during  1895.  Tbe  qualitative  efficiency  of  tbe  filters 
is  shown  by  the  percentage  removal  of  organic  matter  of  the  applied 
sewage,  as  indicated  by  tbe  albuminoid  ammonia  and  oxygen  con- 
samed :  — 
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Removal  op  Sludge  fbom  the  Sewage. 
As  the  experimeDts  have  continued  with  the  consequent  accumu- 
latioD  of  data  coDCflrning  the  strength  and  composition  of  sewage,  it 
has  become  evident  that  the  sewage  pumped  at  the  station  and 
applied  to  the  experimental  filters  has  been  stronger  during  1895 
than  the  average  sewage  flowing  through  the  Lawrence  Street  sewer, 
and  stronger  than  any  sewage  treated  at  the  61tratio&  areas  at  dif- 
ferent places  in  the  State.  As  a  matter  of  fact,  the  sludge  is  gener- 
ally settled  out  to  a  considerable  extent  at  the  filtration  areas,  and 
applied  to  separate  beds.  This  method  has  its  advantages,  as  it 
concentrates  the  slndge,  and  keeps  a  large  amount  of  clogging  mate- 
rial from  flowing  upon  the  regular  filtration  beds.  This  is  especially 
advantageous  in  winter,  as  has  been  mentioned  before.  Its  dis- 
advantages are,  that  the  sludge,  so  concentrated,  is  much  more 
ofiensive  than  when  allowed  to  flow  upon  the  filtration  areas  as 
rapidly  as  possible,  and  become  exposed  in  thin  layers  to  the  air. 
In  cold  weather,  however,  the  accumulation  of  sludge  is  less  offen- 
sive than  in  warm  weather.  Studies  of  diflferent  methods  of  re- 
moving sludge  from  sewage  hare  been  continued  throughout  the 
year,  as  follows  :  — 

1.  Rapid  filtration  through  coarse  gravel,  with  the  aid  of  a  cur- 
rent of  air  drawn  down  through  the  gravel. 

2.  Rapid  filtration  through  coarse  gravel,  with  the  aid  of  a  cur- 
rent of  air  forced  up  through  the  gravel. 

3.  Rapid  filtration  through  medium  coarse  coke,  with  a  current 
of  air  forced  up  through  the  coke. 

4.  Sedimentation . 

5.  Chemical  precipitation. 

6.  Straining  through  coke. 

The  percentage  removal  of  organic  matter,  as  indicated  by  the 
albuminoid  ammonia  and  the  oxygen  consumed,  and  of  the  bacteria, 
is  shown  by  the  following  table  :  — 
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fable  ahmoing  PuriJSealum  of  Sewage  by  Different  Method*  of  removii 
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COHPABISON   OF  THE   SeVEBAL   METHODS. 

The  first  method  mentioned  has  been  andei-  inrestigat 
BtatioD  for  several  years,  and  has  been  exhaustively  discuai 
reports  of  the  Board.  It  is  a  scientific  success,  and  perha 
favorable  conditions,  could  be  used  practically.  The  w 
aerating  the  filters  at  the  station  is  exceedingly  costly,  as 
with  the  results  secured.  The  aspirators  attached  to  filter 
and  16  are  operated  with  the  entire  head  or  pressure  ol 
water  supply,  and  will,  when  attached  to  a  tube  of  merci 
the  mercury  to  a  height  that  shows  their  power  to  proc 
nearly  a  vacuum.  This  gives  a  power  sufficient  to  draw  ai 
the  filters  of  coarse  gravel,  even  when  they  are  very  badl; 
with  organic  matter.  These  two  filters  have  received  sew 
average  rate  of  about  450,000  gallons  per  acre  daily, 
removed  from  it  the  very  large  percentage  of  organic  mati 
by  the  table.  This  organic  matter  has  been  largely  ox 
burned  up,  but  not  by  any  means  completely,  over  80  pei 
that  applied  during  1895  being  stored  in  each  filter.  Thi 
of  organic  matter  causes  sooner  or  later  snch  a  clogging  of 
and  poor  parification  that  it  must  be  removed,  or  the  li 
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Iter  is  ended.  Bemoval  by  condsuoDB  aeration  without  appHcA- 
OD  of  sewage  to  tlie  filter  is  a  slow  and  incomplete  method,  and, 
the  gravel  be  removed  and  washed,  the  labor  is  considerable  and 
le  volume  of  water  used  very  large. 


Forcing  Air  up  through  the  FUter. 

On  Feb.  1,  1895,  an  experiment  was  began  to  test  the  value, 
itimated  by  percentage  removal  of  sladge,  of  filtering  sewage 
trough  some  coarse  media  at  high  rates,  aided  by  a  current  of  air 
irced  up  through  the  filtering  material. 

For  this  purpose  two  filters  of  equal  size  were  constructed,  one 
intaining  60  inches  in  depth  of  coarse  gravel  of  an  efiective  size  of 
.80  millimeters,  and  the  other  with  the  same  depth  of  coke  breeze, 
om  which  the  finer  particles  had  been  removed.  The  outlets  of  these 
Iters  were  trapped,  and  down  through  the  centre  of  each  a  pipe  was 
used,  reaching  to  within  6  inches  of  the  bottom  of  the  filter.  To 
lese  pipes  a  fan  blower  was  attached,  driven  by  electric  power,  the 
lea  being  to  carry  the  air  to  the  under-drains  of  each  filter,  where  it 
ould  pass  out  into  the  under-drains  and  be  forced  up  through  the 
itersticBS  of  the  filtering  material.  These  filters  have  received  sew- 
;e  at  an  average  rate,  during  their  period  of  operation,  of  608,000 
illons  per  acre  daily.  The  blowing  apparatus  used  created  a  cur- 
int  of  air  that  was  capable,  under  the  most  favorable  circumstances 
id  with  the  fan  making  3,600  revolutions  per  minute,  of  holding  up 

column  of  mercury  nearly  S  inches.  With  the  connections  and 
bow  joints  necessary  to  carry  tbe  air  to  tbe  point  desired,  the  force 
'  the  current  was  reduced  to  one-third  of  this.  During  the  period 
*  operation  of  these  filters  this  current  of  air  was  never  strong 
lougb  to  move  pieces  of  paper  laid  upon  tbe  surface  of  the  filters, 
id  was  only  occasionally  strong  enough  to  be  felt  by  placing  the 
ind  upon  the  surface.  When  tbe  surface  became  badly  clogged, 
le  force  of  tbe  current  generated  by  the  open-sided  blower  was 
iparently  only  strong  enough  to  keep  a  steady  pressure  of  air 
gainst  the  under  side  of  the  clogged  surface  layers  of  the  filter, 
id  there  was  a  constant  current  of  air  from  the  opes  sides  of  the 
ower.  The  filters  used  in  this  experiment  were  numbered  51 
id  52. 

Filter  JVb.  51.  — This  filter,  one  three-thousandth  of  an  acre  in 
ea,  contained  60  inches  in  depth  of  gravel  of  an  eflTective  size  of 
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5. SO  millimeters.  It  received  sewage  during  the  period  of 
ation  at  an  average  rate  of  60S,400  gallons  per  sere  dail 
effluent  contaioed  on  an  average  37  per  cent,  of  the  organ 
of  the  applied  sewage,  as  shown  by  the  albumiDoid  ammo 
minatioDS,  and  23  per  cent.,  as  shown  by  the  determin 
oxygen  consumed.  Two  and  eighty-one  one-hundredtbe  p 
organic  nitrogen  were  applied  to  the  filter,  1.15  pounds  < 
nitrogen  passed  away  in  the  effluent,  and  0.27  of  a  pound 
stored  in  the  6Iter  at  the  close  of  the  experiment.  (For 
operation,  see  page  491.) 

Filter  2fo.  52.  —  This  filter  was  of  the  same  depth  ai 
Filter  No.  51,  but  contained,  instead  of  gravel,  coke  br 
which  the  finer  particles  had  been  removed.  It  was  open 
same  manner  as  Filter  No.  51,  and  received  during  its 
operation  the  same  volume  of  sewage.  It  was  a  more  effii 
in  removing  organic  nitrogen  from  the  applied  sewage  tl 
No.  51,  but  this  nitrogen  was  stored  in  the  fitter,  as  sho 
fact  that  nitrification  was  lower  than  in  Filter  No.  51.  Th 
of  sludge  from  the  applied  sewage  was  aided  by  the  ei 
roQgh  surfaces  of  the  pieces  of  coke. 

Dispoaal  of  Effluentt  of  Fillera  JTos.  61  and  62.  —  Th 
of  filters  Nos.  51  and  52  were,  for  the  comparison  of  results 
each  divided  into  three  portions,  and  applied  equally  to 
equal  depth  and  area,  but  containing  different  filtering 
that  is,  the  effluent  of  Filter  No.  51  was  applied  to  Filtt 
one  twenty-thousandth  of  an  acre  in  area  and  containing 
in  depth  of  sand  of  an  effective  size  of  0.19  millimeter; 
No.  55,  of  the  same  area  and  depth,  but  containing  a 
effective  size  of  0.40  millimeter;  and  to  Filter  No.  57, 
60  inches  in  depth  of  coke  breeze.  The  effluent  of  Fill 
was  applied  to  three  similar  filters,  —  filters  Nos.  54,  56  a 

The  results  obtained  by  this  double  filtration  were  not 
the  results  obtained  by  the  filters  15  B,  16  B,  12  A  comb 
shown  by  the  next  table,  owing  to  the  comparatively  poor  p 
obtained  in  filters  Nos.  51  and  52.  There  was  noapprecl 
ence  in  the  operation  of  these  filters,  and  the  qualitat 
obtained  were  very  similar,  as  shown  by  the  table. 

The  amount  of  nitrogen  stored  in  the  sand  filters  at  tbi 
the  experiment,  calculated  from  albuminoid  ammonia 
tions,  was  as  follows  :  — 
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Sedimentation. 

At  many  sewage  disposal  areas  the  sewage  is  allowed  to  pasi 
through  settling  tanks,  in  order  that  aa  large  an  amoant  of  thf 
sludge  aa  possible  may  aettle  out ;  the  supernataat  liquor  then  flowf 
to  the  disposal  areas  and  the  sludge  to  specially  prepared  sludge, 
beds.  The  amount  of  sludge  removed  by  this  method  varies  witl 
the  character  and  strength  of  the  sewage. 

During  1892  the  continuous  experiment  at  the  station  showed  i 
removal  of  18  per  cent.,  and  during  1895  of  48  per  cent.,  of  sludge, 
aa  indicated  by  the  total  albuminoid  ammonia.  The  sewage  of  thf 
latter  year  contained  much  more  sludge  than  the  sewage  of  the  for- 
mer  year.  A  larger  percentage  of  the  sludge  can  generally  be 
removed  from  fresh  sewage  than  from  stale  sewage  in  which  the 
sludge  is  more  finely  divided.  (For  results  upon  the  removal  ol 
eludge,  see  pages  450  and  451.) 


Chemical  Precipitation. 
The  percentage  removal  of  sludge  by  means  of  the  addition  of 
chemicals  to  the  sewage,  and  subsequent  sedimentation,  depends 
upon  the  same  factors  as  in  the  removal  of  sludge  by  sedimentation 
alone.  In  both  cases  the  result  is  a  concentration  of  the  sludge  in  a 
smaller  body  of  liquid.  This  resulting  concentrated  sewage,  in  vol- 
ume generally  at  least  one-fourth  the  original  volume,  remains  to  be 
disposed  of.  (For  results  upon  chemical  precipitation,  see  pages 
450  and  451.) 
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Straininff  through   Coke. 

By  straining  sewage  through  coke  we  have  removed,  dur 
54  percent,  of  the  sludge  (total  albuminoid  ammonia)  of  th 
The  sewage  has  been  straioed  at  an  aver&ge  rate  of  1,000,0( 
per  acre  daily,  and  the  coke  strainer  has  contained  from  6  U 
in  depth  of  coke.  The  coke  used  is  known  as  breeze,  a 
screenings  from  commercial  coke.  At  the  Lawrence  g 
where  it  is  obtained,  it  is  used  under  the  boilers,  and  cal 
one-fourth  as  macfa  as  the  steam  coal  or  from  $1.00  to  1 
ton  ;  the  amount  used  has  been  equal  to  10  cubic  yards  per  '. 
gallons  of  sewage  strained,  and,  as  a  ton  of  coke  conta 
2.8  cubic  yards,  the  sewage  has  been  purified,  to  the  exte 
at  a  cost  for  coke  of  $5.43  per  1,000,000  gallons  of  sewage 
calling  the  coke  worth  $1 .25  per  ton. 

By  this  method  of  straining  we  remove  the  alndge  from 
body  of  liquid,  and  get  rid  of  the  concentrated  sludge  liqi 
is  a  result  of  sedimentation  and  chemical  precipitation  ;  am 
probable  that  the  coke  is  as  valuable  for  combustion  after 
strainer  as  before. 

The  following  table  shows  the  qualitative  and  quantitati 
cation  obtained  by  these  different  methods  for  removio 
followed  by  filtration,  during  1895  :  — 


Table  showing  Total  Purifieatiim  of  Sewage  by  Fittralion 

Treatment  to  remove  Sludge. 
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COHPABIBON   OF   RbSULTINQ   LIQUIDS. 

Comparing  the  resultiog  tiquids  after  the  treatment  of  sewage  by 
these  vHriouB  methods  of  removing  sludge,  it  is  noticeable  that  the 
organic  matter  io  the  liquids  after  rapid  filtration  combined  with 
aeration  is  of  a  different  character  from  the  organic  matter  in  the 
sewage  resulting  from  the  other  sludge-remoying  processes.  That 
IB  to  say,  even  when  the  organic  matter,  as  shown  by  the  albuminoid 
ammonia,  is  present  in  quantities  as  great  as  in  the  other  partially 
purified  sewages,  it  has  passed  through  such  chemical  and  biological 
changes  that  it  develops  offensive  odors  very  slowly  on  standing. 


The   Disposal  of    Waste  Liquors    fbom    Industrial   Works. 
Investigations  upon  the  disposal  of  waste  liquors  from  the  proc- 
esses of  paper  making,  wool  scouring  and  tanning  have  been  begun. 

Paper  Making. 
All  rags  are  cleaned  before  being  made  into  paper  by  being  boiled 
in  a  solution  of  caustic  soda,  caustic  lime,  or  a  mixture  of  soda  ash 
and  lime,  to  free  them  from  grease,  dirt  and  coloring  matters.  The 
resulting  liquor  is  very  highly  polluted  with  organic  matter  and  when 
discharged  into  a  small  body  of  water  may  create  a  nuisance.  On 
September  8,  a  filter  was  started  to  see  if  this  waste  liquor  could  be 
purified  by  filtration  through  sand.  The  liquor  applied  to  the  filter 
is  very  alkaline,  and  the  results  obtained  indicate  that  while  a  con- 
siderable purification  may  be  obtained  by  filtration  through  sand, 
yet  the  organic  matter  present  is  of  a  nature  not  easily  attacked  by 
the  bacteria  in  the  filter  and  the  degree  of  alkalinity  obtained  is 
unfavorable  for  the  growth  of  the  nitrifying  bacillus.  (For  results 
obtained  see  page  501.)  When,  however,  this  liquor  is  diluted  by 
the  large  volume  of  wash  water  used  in  paper  making,  the  resulting 
dirty  water  or  sewage  can  in  most  cases  probably  be  easily  purified 
by  filtration.    The  volume  of  wash  water  is  very  large. 

Wool  Scouring. 

The  condition  of  wool  when  first  obtained  from  the  sheep's  back 

is  such  that  mordanting  and  dyeing  without  removal  of  the  grease, 

dirt,  etc.,  would  be  impossible.     Besides  the  mechanically  held  dirt 
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the  impurities  are  of  a  two-fold  character,  the  "  wool  fot,"  aolu 
ID  ether,  and  the  "  woot  perspiration,'"  soluble  id  water.  The  I 
are  frequeptly  included  under  the  name  of  the  "  yolk  "  or  "  sui: 
of  the  wool. 

Wool  fat  is  not  a  fat  as  commonly  understood,  that  is,  it  is  n( 
glycerate.  By  treating  it  with  boiling  alcohol  it  may  be  separa 
into  two  portions,  one  soluble  nnd  the  other  insoluble  in  this  liqi 
The  soluble  portioQ  consists  mainly  of  cholesterine  and  isocho' 
terlDC,  together  with  compounds  of  these  bodies  with  organic  aci 
The  insoluble  portion  consists  mainly  of  cbolesterioe  and  isocbo 
terine  with  oleic  and  fatty  acids.  Grease  and  dirt  are  present 
the  wool  to  such  an  extent  that  different  wools  lose  from  15  to 
per  cent,  by  weight  in  passing  through  the  washing,  scouring  i 
rinsing  processes.  It  is  the  common  method  to  remove  these  imp 
ities  by  solutions  of  alkaline  carbonates  and  soaps.  In  the  cent 
of  the  French  and  Belgian  woollen  industries  the  wool  is  first  was! 
with  water,  the  solution  evaporated,  and  potassium  carbonate  rec 
ered.  This  potassium  carbonate  may  be  present  to  the  amount 
4  per  cent,  of  the  weight  of  the  raw  wool.  In  this  country  littU 
anything  ia  done  towards  recovering  the  potash  salts,  the  prelimini 
treatment  with  water  being  generally  dispensed  with.  In  mt 
places  abroad  the  waste  scouring  liquors  are  collected  in  stone-lii 
pits  and  neutralized  or  acidified  by  sulphuric  acid,  and  the  fatty  m 
ters,  which  rise  to  the  surface,  are  collected  in  filter  bags  and  so 
This  of  course  causes  a  partial  purification  of  the  liquor,  but  all 
dirt  and  a  considerable  portion  of  the  fatty  matter  still  remain  in 
There  are  very  few  places  in  this  country,  however,  where  ei 
this  partial  purification  is  undertaken,  the  waste  liquor  in  its  entin 
being  allowed  to  run  into  and  pollute  the  neighboring  stream, 
process  of  wool  cleansing,  growing  in  favor,  is  one  by  which  ' 
fatty  matters  are  first  removed  by  naphthalene  or  gasoline  and  i 
remaining  dirt  subsequently  removed  by  the  usual  scouring  proce 
the  fat  removed  by  the  first  process  being  a  valuable  by-product. 

Careful  calculations  have  shown  that  the  volume  of  wator  used  i 
wool-scouring  plant  is  about  100  gallons  per  ponnd  of  wool  sconrc 
a  small  and  varying  proportion  of  this  volume  being  directly  m 
in  the  scouring  bowls  and  the  remainder  being  used  for  rinsing  i 
wool  after  scouring. 

Beginning  September  8,  the  strong  waste  liquor  from  the  scouri 
process  has  been  applied  to  a  filter  containing  5  feet  in  depth  of  sa 
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of  BD  effective  size  of  0.25  millimeter.  The  rate  of  applicatioo  has 
been  equal  to  about  17,000  gallons  per  acre  daily,  and  the  results  so 
far  obtaioed  have  made  clear  that  while  this  liquor  can  be  filtered 
through  sand  and  a  considerable  portion  of  the  organic  niKtters 
removed,  yet  it  is  with  such  difficulty  and  at  such  low  rates  in  gal- 
lons per  acre  daily  that  a  preliminary  treatment,  to  remove  a  large 
part  of  the  dirt  and  fatty  matters  before  filtration,  is  essential.  Sub- 
sequent filtration  of  the  effluent  of  this  filter  improves  it  little  if  any, 
the  character  of  the  organic  matter  and  the  degree  of  alkalinity  of 
the  original  liquor  and  the  effluent  being  such  that  the  bacteria 
attack  it  very  feebly.  The  numbers  of  bacteria  in  tbe  liquor  and  in 
the  effluent  are  enormous,  but  the  nitrifying  bacillus  does  not  seem 
to  develop  and  tbe  organic  impurities  are  apparently  of  such  a  stable 
character  that  decomposition  and  putrefaction  take  place  very  slowly. 

Removal  of  FaJU  and  Dirt  before  Filtration. 
As  already  mentioned,  a  certain  portion  of  tbe  fats  present  in  the 
wool  liquor  can  be  collected  by  the  addition  of  sulphuric  acid  to  the 
liquor,  but  a  more  complete  removal  of  tbe  fata  and  dirt  can  be  effected 
by  the  addition  of  calcium  chloride.  This  precipitates  the  fat  as  a 
lime  soap  and  the  precipitate  carries  down  with  it  all  the  dirt  in  sus- 
pension in  the  liquid,  leaving  a  clear  but  highly  colored  solution.  It 
seems  probable,  and  experiments  are  now  under  way  to  test  tbe  fact, 
that,  by  hot  pressing  this  precipitate,  enough  fat  may  be  obtained  to 
make  tbe  process  pay  for  itself.  The  clarified  liquor  is  rich  in  organic 
matters  in  solution  but  they  are  of  the  same  stable  character  as  before 
mentioned  and  pass  through  5  feet  of  sand  with  very  little  change. 

Tannery  Sewage. 

Id  connection  with  the  investigations  in  regard  to  tbe  condition  of 
the  Neponset  River  two  experimental  filters  have  been  operated 
at  Norwood,  Mass.,  to  determine  the  feasibility  of  purifying,  by 
filtration  through  sand,  tbe  waste  liquors  from  preparing  and  tanning 
hides. 

A  filter  was  constructed  containing  2  feet  in  depth  of  sand,  of  an 
effective  size  of  0.14  millimeter,  over  gravel  under-drains.  It  was 
not  feasible  to  have  at  the  place  desired  a  filter  with  a  greater  depth 
of  sand,  owing  to  tbe  slope  of  the  land  and  the  necessity  of  having 
the  sewage  run  on  to  the  filter  by  gravity  and  away  from  tbe  under- 
drains  in  tbe  sewer  which  carries  the  tannery  sewage  to  tbe  river. 


No.  34.]  FILTRATION  OF  SEWAGE.  473 

state  of  active  nitrificatioD  and  giriog  a  clear  almoat  odorless  efflaent. 
These  experiments  have  demoastrated  that  this  sewage  can  be  puri- 
fied by  filtration. 

WOKK  OF  THE   FlLTEHS   FOR    1895. 

The  experimental  filters  in  operation  during  1895  have  included 
all  in  operation  at  the  end  of  1894,  together  with  the  addition  of 
filters  Nos.  51,  52,  53,  54,  55,  56,  57,  58,  59,  60  and  61.  Filters 
1  to  10  inclusive  are  out  of  doors,  and  are  each  one  two-hundredth 
of  an  acre  in  area  ;  filters  12  to  61  inclusive  are  within  tbe  buildings 
and  are  one  twenty-thousandth  of  an  acre  in  area,  with  the  exception 
of  Filter  No.  59,  which  is  one  ten-thousandth  of  an  acre  in  area,  and 
filters  Nos.  51  and  52,  which  are  one  tbree-tbousandtb  of  an  acre  in 
area. 

Filler  M.   1. 

This  filter,  containing  60  inches  in  depth  of  coarse  sand  of  an 
eflective  size  of  0.48  millimeter,  was  purifying  sewage  very  poorly 
at  tbe  beginning  of  the  year,  owing  to  the  destruction  of  nitrifica- 
tion by  too  long  continued  resting  during  the  cold  weather  of 
October  and  November,  1894.  This  poor  purification  continued 
throughout  January  and  February,  and  not  until  the  middle  of 
March  did  the  effluent  begin  to  show  good  oxidation  and  nitrifica- 
tion in  the  filter.  Observations  were  made  daily  during  this  period 
of  the  presence  of  frost,  and  efforts  made  to  re-establish  nitrification 
by  picking  holes  in  the  surface  of  the  filter,  to  allow  tbe  sewage  to 
pass  more  rapidly  below  the  surface,  and  by  seeking  to  remove  frost 
by  the  application  of  large  doses  of  sewage. 

On  January  25  the  filter  was  covered  with  two  thicknesses  of 
canvas  stretched  over  a  frame,  as  in  previous  years,  and  this  cover 
was  removed  March  13.  On  March  23  the  surface  was  spaded  over 
(corresponding  to  ploughing)  to  a  depth  of  4  inches.  Good  results 
were  obtained  from  the  first  of  April  throughout  the  remainder  of 
the  year.  August  20  the  surface  was  raked  (corresponding  to 
harrowing)  to  a  depth  of  3  inches  and  on  October  22  and  November 
9  it  was  spaded  over  to  a  depth  of  6  inches.  On  November  15  it 
was  covered  for  the  winter  with  canvas  stretched  over  a  frame.  The 
quantity  of  sewage  applied  to  the  filter  was  at  the  rate  of  80,000 
gallons  per  acre  daily  during  the  first  half  of  the  year  and  60,000 
gallons  per  acre  daily  during  the  last  half  of  the  year. 

The  monthly  averages  of  the  weekly  analyses  of  the  effluent  of 
this  filter  are  presented  in  tbe  next  table. 
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Monthlt/  Averages  of  Anatt/BM  of  Effluent  ofFiUer  No.  1. 

[Part!  par  100,000.] 
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Fater  No.  2. 


This  filter,  containing  60  laches  in  depth  of  fine  sand  i 
tive  size  of  0.08  milltueter,  trenched  with  medium  fine 
effective  size  of  0.19  millimeter,  had,  at  the  beginning  a 
begun  to  feel  the  efiects  of  the  prolonged  resting  durin 
weather  of  October  and  November,  1894.  The  effluent  ( 
continued  to  be  of  a  poor  quality  during  January,  Fel 
March,  but  during  April  the  nitrates  were  much  highe 
the  free  ammonia  was  atiU  high.  From  the  beginnir 
throughout  the  remainder  of  the  year  the  filter  was  in  g 
tion  and  the  effluent  of  a  satisfactory  quality.  During  ti 
months  of  the  year  the  sewage  applied  to  the  filter  A 
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below  the  aar&ce  very  slowly,  and  from  February  8  to  18  the 
trenches  remained  partially  covered  with  sewage  and  none  waa 
applied.  The  average  rate  of  applicatioo  of  sewage  during  these 
two  months  waa  18,000  gallons  per  acre  daily.  During  the  remain- 
der of  the  year  the  approximate  rate  of  spplicatioD  was  38,000 
gallons  per  acre  daily.  On  March  25  the  sand  of  the  trenches  waa 
removed,  the  sides  of  the  trenches  raked,  the  fine  aand  at  the  bot^ 
torn  of  the  trenches  spaded  over  3  inches  deep  and  the  sand  of  the 
trenchea  replaced.  On  September  9  this  operation  was  repeated. 
The  resulte  for  the  year  are  shown  by  the  monthly  averagea  of  the 
weekly  analyses. 

Monlhly  Averages  of  Analyses  of  Effluent  of  Filler  No.  2. 
[Farta  p«i  imMno.] 
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FUiei'  JVb.  4. 
This  fitter,  of  fine  river  silt  of  an  effective  size  of  0.04  millimeter 
and  coDtaining  two  trenches  of  coarse  sand  of  an  effective  size  of 
0.48  millimeter,  was  giving  an  effluent  of  a  good  quality  at  the 
begianing  of  the  year,  but  its  surface  was  in  poor  condition  and 
disposed  of  the  applications  of  sewage  with  difficulty,  the  average 
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rate  of  filtration  being  only  7,000  galloos  per  acre  daily  for  tbi 
three  months  of  the  year,  and  from  February  6  to  18  inclusii 
sewage  naa  applied  to  the  filter.  For  the  remainder  of  the  yei 
average  rate  of  filtration  was  18,300  gallons  per  acre  daily, 
nitrates  in  the  effluent  were  the  lowest  during  March  and  Apri 
the  ammonias  were  also  low.  On  March  27  the  aand  of  the  tre 
was  removed,  the  sides  of  the  trenches  raked,  the  fine  eand  a 
bottom  of  the  trenches  dug  over  to  the  depth  of  3  inches  an 
coarse  sand  replaced.  This  treatment  was  repeated  Septemb 
at  which  date  a  email  amount  of  the  dirty  sand  at  the  bottom  c 
trenches  was  removed  and  placed  upon  the  surface  of  the 
The  quality  of  the  elHuent  was  quite  satisfactory  throughou 
year,  as  shown  by  the  following  table,  giving  the  monthly  ave 
of  the  weekly  analyses  :  — 


Monthly  Averages  of  Anaiyses  of  Effluent  of  Filler  No.  4. 
[ruu  par  100,000.] 
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Filter  Ko.  9  A. 


This  filter  contains  5  feet  in  depth  of  snnd  of  an  effective  size  of 
0.17  millimeter.  At  the  beginning  of  the  year  nitrification  had 
almost  ceased  in  tlie  filter,  owing  to  the  prolonged  resting  during 
the  latter  part  of  1894.  The  surface  of  the  filter  was  in  fairly  good 
condition  and  the  applied  sewage  passed  below  the  surface  as  readily 
as  IS  usual  in  cold  winter  weather.  On  February  1  the  filter  was 
covered  with  canvas  stretched  over  a  frame,  but  nitrification  did 
not  become  re-established  until  warmer  weather  began  in  March. 
Throughout  the  remainder  of  the  year  the  filter  was  in  good  con- 
dition, nitrification  was  active  and  the  effluent  of  a  satisfactory 
quality.  As  the  cold  weather  of  fall  and  early  winter  began,  the 
process  of  nitrification  became  somewhat  less  active  and  the  am- 
tnonlas  of  the  effluent  greater,  but  the  physical  condition  of  the  filter 
was  excellent  and  it  was  taking  the  applied  sewage  readily.  The 
character  of  the  effluent  tends  to  show  that  a  filter  of  this  depth, 
entirely  under-drained  and  containing  sand  of  thitj  grade,  cannot, 
with  the  quantities  of  sewage  applied,  cause  an  entire  transformation 
of  such  large  quantities  of  nitrogen  as  are  now  present  in  the  sewage, 
in  the  form  of  free  ammonia  and  organic  nitrogen,  into  nitrogen  in  the 
form  of  nitrates,  except  during  those  periods  of  warm  weather  when 
nitrification  is  most  active.  The  filter  was  spaded  over  4  inches  deep 
March  23,  raked  to  a  depth  of  3  inches  August  20,  and  spaded  over 
to  a  depth  of  6  inches  September  7  and  November  8.  The  follow- 
ing table  shows  the  monthly  averages  of  the  weekly  analyses :  — 
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Monthly  Averages  of  Analytea  of  Effluent  of  Filler  Ifo.  S 
[Paru  p«r  IW.OOO.] 
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Filler  Ifo.  10. 
Tbia  filter,  one  two-hundredth  of  un  acre  in  area,  con 
in  depth  of  a  mixed  coarse  and  fine  sand  of  an  effective  s 
millimeter.  No  gravel  or  nnder-drains  are  beneath  the  s 
directly  above  and  around  the  outlet  pipe.  A  partition  e 
feet  below  the  surface  separates  that  quarter  of  the  surfa 
removed  from  the  uuder-draias  from  the  remainder  of  t1 
To  this  quarter  of  the  surface  farthest  from  the  under 
sewage  is  applied  and,  during  January,  the  rate  of  appl 
160,000  gallons  per  acre  daily.  The  filter  had  not  res 
November,  1894,  and  nitrification  was  fairly  active  bate 
creased  and  the  free  ammonia  of  the  effluent  was  high.     1 
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I'tllers  Nos.  12 A,  ISB  and  16 B. 

Filter  No.  12  A  cont&iDS  60  inches  in  depth  of  eand  of 
size  of  0.19  millimeter,  and  filters  Nos.  15  B  and  16  E 
inches  in  depth  of  gravel  etooes  of  an  effective  size  of 
meters.  These  three  filters  were  first  put  id  operati< 
1892,  aod  the  efflaents  of  filters  Nos.  1 5  B  and  16  B  hav 
been  applied  to  Filter  No.  12  A. 

The  actual  rates  of  filtration  in  gallons  per  acre  da 
three  filters  during  their  period  of  operation  up  to  Ji 
have  been  as  follows ;  — 
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Since  the  first  part  of  1893,  filtration  in  filters  Nos.  1! 
has  been  aided  by  a  current  of  air  drawn  down  throug 
It  is  seen  from  the  table  above  that  Fitter  No.  12  A  I 
able  to  take  the  entire  volume  of  effluent  of  the  gravel 
during  the  pnst  three  years,  and  that  its  quantitative 
gradually  decreased.  Beginning  March  24,  1893,  the 
Filter  No.  12  A  was  scraped  on  an  average  once  in  five 
the  year,  to  relieve  clogging,  and  the  average  depth  of  si 
at  each  scraping  was  0.24  inch.  The  removed  sand  wae 
replaced.  From  Jan.  1,  1894,  to  June  19,  1894,  the  m 
filter  was  scraped  whenever  necessary,  to  remove  clogg 
removed  sand  was  not  replaced. 

The  average  interval  between  scrapings  up  to  June  II 
teen  days,  and  the  average  depth  scraped  was  0.17  of  an 
alent  to  12  cubic  yards  of  material  removed  per  1,000 
of  partially  purified  sewage  filtered.  From  this  date  i 
of  1894  the  surface  was  raked  to  a  depth  of  3  inchei 
week  and  spaded  over  6  inches  deep  September  6  and 
and  8  inches  deep  on  November  21.  The  filter  was  i 
dition  at  the  beginning  of  1895  and  the  same  method 
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was  continued,  the  snriace  being  raked  to  a  depth  of  3  inches  twice 
each  week  during  the  year  and  spaded  over  to  a  depth  of  6  inches 
March  15,  May  25,  July  17  and  August  3.  Towards  the  end  of 
September  the  filter  began  to  be  badly  clogged,  and  was  spaded  over 
to  a  depth  of  6  inches  six  times  between  September  21  and  Novem- 
ber 1,  and  to  a  depth  of  8  inches  seven  times  between  November  1 
and  December  12.  The  quantitative  capacity  of  the  filter  steadily 
decreased  however,  and  on  December  7  the  surface  sand  to  a 
depth  of  7  inches  was  removed,  washed  and  replaced.  This  sand, 
before  washing,  contained  7t).10  parts  of  nitrogen  by  weight  in 
100,000  parte  of  dry  sand,  and  after  washing,  7.90  parts.  Follow- 
ing this  treatment  the  applied  sewage  was  disposed  of  more  readily. 
It  seems  probable  that  though  the  organic  matters  stored  in  the  sand 
are  not  present  in  large  quantities,  they  are  of  a  fatty  nature  not 
easily  acted  upon  bacterially;  are,  in  fact,  the  organic  matters  that 
have  been  partially  worked  over  while  passing  through  the  gravel 
filters  and  the  more  easily  attacked  portion  removed.  The  effluent 
of  Filter  No.  12  A  has  been  of  most  excellent  quality  throughout  the 
year. 

Filters  Nos.  15  B  and  16  B  have  received  sewage  during  their 
period  of  operation  at  the  rate  in  gallons  per  acre  daily  given  in  the 
preceding  table.  From  the  time  the  aspirators  were  attached  to  the 
'filters  until  Sept.  1,  1894,  a  current  of  air  was  constantly  drawn 
down  through  the  filters  at  the  rate  of  about  one  gallon  in  every  four 
minutes.  At  this  date  the  method  of  atiration  was  changed,  so  that 
the  filters  were  abrated  only  at  night  for  twelve  or  sixteen  hours. 
Better  results  followed  this  method  of  aeration,  and  the  volume  of 
air  supplied  was  sufiicient,  as  shown  by  examination  of  the  effluents 
for  dissolved  oxygen,  it  being  almost  uniformly  present.  The  sur- 
faces of  these  two  filters  were  not  disturbed  until  July,  1893,  a  year 
after  they  were  first  put  in  operation,  but  since  that  date  they  have 
been  raked  and  spaded  over  very  often.  During  1895  they  have 
been  raked  over  once  each  week  to  a  depth  of  3  inches  and  spaded 
over  6  or  8  inches  deep  when  the  condition  of  the  surface  required 
it.  There  has  been  an  accumulation  of  organic  matter  in  the  filters 
each  year-,  and  to  such  an  extent  that,  in  order  to  continue  them  in 
service.  Filter  No.  15  B  had  to  be  flushed  out  twice  during  1894  by 
applying  city  water  under  pressure  for  six  hours  to  the  outlet  pipe, 
the  wash  water  flowing  away  over  the  top  of  the  filter.  Filter  No. 
16  B  was  given  a  similar  flushing  out  (luring  1894,  and  later  the 
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filtering  material  was  eolirelj  removed  and  replaced  afte 
February  1,  1895,  the  entire  filtering  material  of  Ftltei 
was  removed,  washed  and  replaced,  and  after  the  high  w 
Merrimack  River  in  April,  the  upper  6  inches  of  grai 
filters  was  removed  and  washed,  to  free  it  from  river 
aspirator  of  Filter  No.  16  B  has  been  allowed  to  run  froi 
to  five  A.M.  each  night  during  the  year,  and  that  of  Ij 
same  boure  until  September  2,  since  when  it  has  been 
run  from  nine  to  eleven  p.h.  Aeration  for  two  hours  1 
to  give  a  good  effluent,  but  there  has  undoubtedly  bet 
percentage  of  organic  matter  stored  in  the  filter  than  t 
have  been  with  longer  continued  aeration  each  day.  In 
it  seems  reasonable  to  say  that  the  rate  of  application  of  i 
the  period  of  aeration  should  be  bo  defined  that  flush! 
filters,  or  removing  and  washing  the  filtering  material,  wc 
be  necessary,  as  these  operations  in  themselves  create  a 
volume  of  sewage  to  be  in  some  manner  disposed  of. 

The  quality  of  the  effluents  of  these  filters  during  169. 
by  the  following  tables  :  — 

Monthly  doeraget  of  Anaiyies  of  Effluent  of  FiUer  No.  H 
[Pan*  per  loo.ixn.] 
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Mimlhly  Average  of  Analyiet  of  Effluent  of  FtUer  No. 

15  B 

[PM.  par  100.000.] 
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Monthly  Averages  of  Anaiyaes  of  Effluent  of  Filter  No.  16  B. 

[Partaptr  100,000.] 
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Filler  No.  13 A. 

This  filter  contains  60  inches  in  depth  of  medium  fine  eand  of  an 

effective  size  of  0.19  millimeter,  and  has  received  the  supernatant 

liquid  from  sewage  which  has  been  allowed  to  settle  for  four  hours. 
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The  rate  of  filtration  during  the  greater  part  of  1895  1 
prozimsteEy  160,000  gallons  per  acre  daily.  The  filter 
condition  at  the  begianiag  of  the  year  and  was  rakei 
of  3  iacbes  twice  each  week  during  the  year  and  spad 
depth  of  6  inches  March  15,  July  5,  Auguet  24,  Sepb 
22,  and  October  4,  18  and  28.  During  the  first  eight  n 
year  nitrification  was  active  in  the  filter  although  the 
tained  free  ammonia  in  considerable  quantity,  but  durin 
the  nitrates  of  the  effluent  rapidly  decreased  and  tl 
spaded  over  repeatedly  to  a  depth  of  6  inches,  as  i 
but  without  appreciable  effect  upon  the  character  of 
On  October  28  the  gravel  under-drains  of  the  filter  wer 
with  city  water  and  a  large  amount  of  iron  which  had  be 
upon  the  gravel  was  in  this  way  removed.  Followin 
ment  the  quality  of  the  effluent  rapidly  improved, 
November  and  December  the  nitratea  were  the  high 
ammoDiaa  the  lowest  of  the  year.  It  seems  probable 
September  and  October  there  was  good  aitrificatioD  wit 
but  that  the  nitrates  of  the  effluent  were  reduced  to  fi 
while  passing  through  the  under-drains  of  the  filter.  T 
table  gives  the  monthly  averages  of  the  weekly  analysei 

Monthly  Averages  ofAttaiyiet  of  Effluent  of  FiUer  No. . 

[ParUiwrlOO.DM.] 
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Filter  No.  14  A. 
lis  filter  coDtaiDS  60  iocbes  in  depth  of  medium  fine  sand  of  an 
tive  size  of  0.19  millimeter,  and  has  received  Bioce  June  1, 
:,  sewage  which  has  been  strained  through  a  shallow  layer  of 
.  This  partially  purified  sewage  has  been  applied  to  the  filter 
1  average  rate,  excluding  periods  of  rest,  of  320,000  gallons  per 
daily  during  the  year.  The  surface  of  the  filter  has  been  raked 
deptJi  of  3  inchea  twice  each  week  during  the  year  and  spaded 
'  to  a  depth  of  6  inches,  March  15,  August  24  and  October  6. 
quality  of  the  effluent  has  been  satisfactory  throughout  the  year 
haa  invariably  contained  high  nitrates.  The  filter  was  in  ex- 
int  condition  at  the  end  of  the  year.  The  following  table  gives 
monthly  summary  of  the  analyses  made  during  the  year :  — 


Monthly  Averages  of  Analysei  of  Efflueni  of  FiUer  fTo.  14  A. 

[Part*  per  100,000.] 
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FUter  JVo.  19. 
This  filter  contains  60  incbea  in  depth  of  medium  fii 
effective  size  of  0.19  millimeter,  and  has  received  the 
liquid  from  sewage  which  has  been  allowed  to  settle  fou 
treatment  with  sulphate  of  alumina  at  the  rate  of  1,000 
1,000,000  gallons.  The  filter  has  received  this  superi 
since  Jan.  20,  1893,  and  the  rate  of  application  durii 
been,  excluding  periods  of  rest,  200,000  gallons  per 
Nitrification  has  been  very  active  in  the  filter  durinj 
year,  as  shown  by  the  high  nitrates  of  the  efiluent. 
noid  ammonia  of  the  efliuent  was  comparatively  low 
year,  and  the  comparatively  high  free  ammonia  was  n< 
any  clogging  of  the  filter  but  was  the  natural  conseqi 
extremely  high  free  ammonia  of  the  applied  sewage, 
was  raked  3  inches  deep  each  week  and  spaded  over  G 
October  28. 


MonUily  Averages  of  Analyses  of  Effluent  of  Filler  No.  J 

[Pan* per  toa.OM.] 
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FUterJ^o.  21  A. 
This  filter  was  started  March  19,  1894.  A  portioo  of  the  filter- 
ing material  was  removed  during  1894,  but  on  April  1,  1895,  the 
filter  was  restored  to  its  original  depth  of  60  inches  of  fine  sifted 
gravel  of  an  elective  size  of  1.60  millimeters.  Since  July  7,  1894, 
it  has  had  a  current  of  air  drawn  downward  through  it,  at  the  rate 
of  about  one  gallon  in  four  minutes,  for  ten  or  twelve  hours  each 
night.  During  1895  this  filter  has  received  sewage  during  its  period 
of  actual  operation  at  the  rate  of  360,000  gallons  per  acre  daily,  ex- 
cept during  June  and  July,  when  the  rate  of  application  was  499,000 
and  427,000  gallons  per  acre  daily,  respectively.  The  filter  became 
badly  clogged  during  February  and  was  allowed  to  rest  from  Feb- 
ruary 18  to  April  1,  with  continual  aeration.  This  treatment  im- 
proved the  condition  of  the  filter  and  restored  nitrification.  In 
Angust  clogging  again  occurred  and  the  filter  was  allowed  to  rest, 
with  continuous  aeration  from  August  7  to  21  inclusive.  During 
the  remainder  of  the  year  the  filter  was  in  good  condition.  The 
following  table  gives  the  results  of  the  monthly  averages  of  the 
weekly  analyses :  — 

Monthly  Averages  nf  Analyacs  of  Effluent  of  Filler  No  21  A. 
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Filter  Ko.  22  A. 


ThiB  filter  contained  origiDatly  60  iochee  of  fioe  coke  1: 
the  uaual  under-drains.  The  rate  of  filtration  during  18 
360,000  gallons  per  acre  daily.  On  account  of  clog] 
February  the  filter  was  allowed  to  rest  from  February  IJ 
The  surface  of  the  filter  was  raked  to  a  depth  of  3  inchei 
the  period  of  rest  and  to  the  same  depth  twice  each  weel 
remainder  of  the  year.  Up  to  Nov.  14,  1894,  3.5  inche 
face  coke  had  been  removed,  eqairalent  to  8.6  cubi< 
1,000,000  gallons  of  sewage  filtered.  During  1895  6. 
coke  were  removed  up  to  November  14,  equivalent 
yards  per  1,000,000  gallons  of  sewage  filtered.  With  tl 
of  the  months  of  January  and  February  nitrification  in  t 
active  throughout  the  year.  The  table  of  monthly  ave 
weekly  analyses  ie  presented  below  :  — 

Monthly  Averages  of  Analyaea  of  Effiuent  of  Filter  M.  2 
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Filters  Nos.  51  and  62. 

Each  of  these  filters  is  odo  three-thousandth  of  an  acre  in  area. 
Filter  No.  51  contains  60  inches  in  depth  of  gravel  of  an  effective 
size  of  5.30  millimetera  above  the  usual  under-drains,  and  Filter  No. 
52  contains  60  inches  in  depth  of  coke  breeze,  from  which  the  finer 
particles  have  been  removed,  above  the  usual  under-drains.  The 
outletB  of  these  two  filters  have  been  trapped  and  they  have  been 
aerated  by  means  of  a  fan  blower  driven  by  electric  power,  as  pre- 
viously described.  Beginning  February  1,  each  of  these  filters 
received  sewage  at  the  rate  of  500,000  gallons  per  acre  daily,  applied 
in  six  doses  between  6  a.m.  and  noon.  This  rate  of  filtration  and 
method  of  application  continued  until  May  2,  when  the  method  of 
application  was  changed  so  that  twice  this  volume  of  sewage  was 
applied  in  twelve  doses  between  7  a.m.  and  11  p.m.,  giving  a  rate 
of  1,000,000  gallons  per  acre  daily.  This  continued  until  June  21. 
From  June  21  to  June  25  inclusive  the  filters  were  allowed  to  rest, 
and  on  June  26  they  were  started  again,  but  the  rate  of  application 
of  sewage  was  reduced  to  500,000  gallons  per  acre  daily,  applied  in 
six  doses  between  7  a.m.  and  10  p.m.  This  continued  until  June 
29,  when  the  same  quantity  of  sewage  was  applied  in  twelve  doses 
between  7  a.m.  and  11.30  p.m.  During  these  first  five  months  of 
operation  of  the  filters  nitrification  did  not  become  well  established, 
and  although  there  was  a  considerable  reduction  of  the  free  and 
albuminoid  ammonia  of  the  sewage  in  passing  through  the  filters,  it 
was  largely  on  account  of  retention  and  storage  in  the  filters.  From 
July  2  to  7  inclusive,  the  rate  of  application  was  250,000  gallons  per 
acre  daily,  and  from  July  8  to  17  inclusive,  the  filters  were  operat- 
ing very  poorly,  the  method  of  application  was  irregular  and  the 
average  rate  was  less  than  100,000  gallons  per  acre  daily.  This  low 
rate  improved  the  condition  of  the  filters  and  nitrification  became 
established. 

From  July  18  to  August  13  the  rate  of  filtration  was  250,000 
gallons  per  acre  daily  and  was  applied  in  three  doses  between  7  a.m. 
and  2.30  p.m.  From  August  14  to  September  2  inclusive,  the  rate 
of  filtration  was  500,000  gallons  per  acre  daily,  applied  in  six  equal 
doses  between  7  a.m.  and  10  p.m.,  and  from  September  2  until  the 
end  of  the  experiment,  December  10,  the  rate  was  1,000,000  gallons 
per  acre  daily,  applied  in  twelve  equal  doses  between  7  a.m.  and 
11.30  p.m.     During  the  last  five  months  of  operation  of  the  filters 
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y  Averages  of  Analytes  of  E^aettl  of  Filler  No.  52. 

[Put!  per  lOO.OOO.] 
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FtUer  JVo.  53. 

This  filter  is  one  twenty-thousandth  of  an  acre  in  area,  and  con- 
ins  60  inches  in  depth  of  sand  of  an  effective  size  of  0.19  milli- 
eter.  From  February  1  to  May  17  it  received  the  effluent  of  No. 
I  at  the  rate  of  1,000,000  gallons  per  acre  daily.  Following  this 
eatment  tbe  surface  of  tbe  filter  became  so  badly  clogged  by  tbe 
[cessive  application  of  partially  purified  sewage  that  tbe  rate  bad 

be  greatly  reduced  and  was  quite  irregular  in  volume,  tbe  average 
te  from  May  17  to  July  19  averaging  considerably  less  than  500,000 
lUons  per  acre  daily.  From  this  last  date  until  tbe  end  of  tbe  ex- 
iriment,  December  10,  tbe  average  rate  was  500,000  gallons  per 
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acre  daily.  During  this  last  period  the  applied  efflae 
No.  51  was  fairly  well  purified  and  contained  nitrates 
able  quantity.  The  filter  was  allowed  to  rest  from  Ju 
inclnsive  and  July  11  to  15  inclusive.  The  surface  y 
inches  deep  twice  each  week  during  April,  and  begini 
to  the  same  depth  daily.  The  surface  was  spaded  ovei 
of  6  inches  May  22,  June  3,  13,  20  and  November  22. 
ing  table  shows  the  results  of  the  monthly  averages  of 
of  the  effluent  of  this  filter :  — 

Monthly  Averages  of  Analyset  of  Effluent  of  Filler  No. 
[P»ru  p«r  loo.ooo.] 
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Filter  M.  54. 
This  filter  is  a  duplicate  of  Filter  No.  53,  and  has  rece 
its  period  of  operation  the  effluent  of  Filter  No.  52.  ' 
was  applied  at  an  average  rate  of  1,000,000  gallons  pei 
until  the  middle  of  June,  when  the  surface  of  the  filter  b< 
clogged.  On  June  13  the  surface  was  spaded  over  to 
6  inches  and  the  filter  was  allowed  to  rest  from  June  2 
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clasive.  The  cooditioa  of  the  filter  did  not  improve  and  the  average 
rate  of  application  of  the  partially  purified  sewage  was,  during  July, 
356,000  gallons  per  acre  daily.  During  the  remaining  period  of 
operation  of  this  tilt«r  the  applied  effluent  contained  nitrogen,  in  the 
form  of  nitrates,  in  considerable  quantities,  and  was  of  sach  quality 
that  the  filter  disposed  of  it  at  aTi  average  rate  of  500,000  gallons 
per  acre  daily,  without  difficulty.  The  surface  of  the  filter  was 
raked  to  a  depth  of  8  inches  once  each  week  from  April  1  until 
April  23,  and  after  this  date  to  the  same  depth  daily.  The  surface 
was  spaded  over  to  a  depth  of  *>  inches  May  25,  June  13,  29  and 
November  6.  The  quality  of  the  effluent  during  the  period  of 
operation  of  the  filter  is  shown  by  the  following  table :  — 


Monthly  Average  of  Analyses  of  Effiuent  af  Filter  No.  54. 

[Pillti  par  100,000.] 
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Filter  JVo.  55. 
This  filter  is  one  twenty-thousandth  of  an  acre  in  area,  and  con- 
tains, over  the  usual  gravel  under-drains,  5  feet  in  depth  of  sand  of 
an  effective  size  of  0.40  millimeter.     To  this  filter  the  effluent  of 
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Filler-  No.  56. 
his  filter  is  in  area  and  conatruction  a  duplicate  of  Filter  No.  55, 
has  had  applied  to  it,  during  its  period  of  operation,  the  effluent 
rilter  No.  52.  The  rate  of  application  of  this  effluent  was,  dur- 
the  first  five  months  of  operation  of  the  filter,  approximately 
>0,000  gallons  per  acre  daily.  The  surface  of  the  filter  became 
e  badly  clogged  during  July  and  the  rate  of  application  was 
'  much  reduced,  averaging  for  the  month  356,000  gallons  per 
daily.  From  the  beginning  of  August  until  the  end  of  the  ex- 
ment  the  quality  of  the  effluent  of  Filter  No.  52  was  much  im- 
fed,  and  was  disposed  of  readily  by  Filter  No.  56  at  an  average 
of  500,000  gallons  per  acre  daily.  The  surface  of  the  filter  was 
disturbed  until  April.  During  the  first  three  weeks  of  April  it 
raked  to  a  depth  of  3  inches  three  times,  and  beginning  April 
to  the  same  depth  daily. 

Montkiy  Averages  of  Analyses  of  Effluent  of  Filler  No.  5tS. 


Qq.Ml.y 
AppllM. 

TMPlKilCRB. 

DM  r. 

.     *™«,«.     i.     *H-.,U.     |[ 

Nin 

Mjlfl 

1 

MS. 

1 

1 

! 

i     1 

-  j  1 

i 

i 

II 

ry,     .      BTi.ooo 
.      .  ■  I.011/O0 

788,000 
.       .,    »M,000 
. ;    878,000 
.       .       348,000 
..         .1     500,000 
bar,    .       UO.DOO 
r,                500,000 
ber.     .  ,     477,000 
ber,     .      600,000 

47 
M 

TI 
63 

47 

BS 
AS 

«S 

u 

Decided. 
BJIghL. 
;  V.  iHght. 
811(1.1. 
Slight. 

1  eugbt. 

V.illgbl. 
V..llgh.. 

SllgbU 
Bllgbt. 

.S8 
.20 

.ai 

;  a.2833'.ia8e,  11.87 

■  0.0(13. OMl   11.15 

Ii 

O.O08J.02SSl   8.83 

0.00 
1. 18 

OOOi. 

•" 

oi;a 

0173 

i 

.48 

.30 

3,811.000 
48,000 
W.000 
W],OO0 
88,000 
3M.0OO 
14.000 
41.000 

11,000 

30,000 
20,000 

mlof  FllMrNci.82iippll*d.l«jgiillOD*«lBhleeni1m*i 
or  llmea  ■  week,  Uny  2  la  June  28;  from  June  29  i 
im  3  gillODi  to  4T)  gullona  dilln  12)  gilloDa  (weh 
to  II,  eiperlmeDt  iDlerrnpted  by  freihet.  BurfKe  : 
id  ddJy  from  April  23  to  DeceiDbec  10.    Sqrfice  dug 


iked  3  iDchu  dee. 


STATE  BOARD  OF  HEALTH. 


Filter  JTo.  S7. 
Tbia  filter  is  one  tweaty-thousandtb  of  ao  acre  id  are: 
tains,  over  the  usual  under-draios,  5  feet  in  depth  of  ci 
The  effluent  of  Filter  No.  51  has'heen  applied  to  this  filtc 
the  first  five  months  of  its  period  of  operation  the  rate  of 
was,  approximately,  1,000,000  gallons  per  acre  daily.  1 
application  overtaxed  the  capacity  of  the  filter  and  its 
came  so  badly  clogged  that  during  July  the  rate  of 
was  very  much  reduced  and  was  quite  irregular.  From 
August  through  the  remaining  months  of  operation  of 
disposed  of  the  better  purified  effluent  of  Filter  No.  51  fl 
culty  at  an  average  rate  of  500,000  gallons  per  acre  ( 
surface  of  the  filter  was  not  disturbed  until  April.  D 
the  surface  was  raked  to  a  depth  of  3  inches  three  times 
23  and  from  that  date  daily  throughout  the  remaining  mi 
experiment. 

Monthly  Averages  of  Analt/sa  of  EffluerU  of  Filler  No. 

(PirUperlOO.OW.] 
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Filter  2^0.  58. 
This  filter  ia,  in  area  and  constructioD,  a  duplicate  of  Filter  No. 
57,  and  has  bad  applied  to  it  during  its  period  of  operation  the 
effluent  of  Filter  No.  52.  Dnring  the  first  five  months  of  its  period 
of  operation  the  rate  of  applicatioo  was,  approximately,  1,000,000 
gallons  per  acre  daily.  This  overtaxed  the  capacity  of  the  filter  and 
during  July  the  rate  was  much  less  and  quite  irregular.  From 
August  1  throughout  the  remaining  months  of  operation  of  the 
filter  the  average  rate  of  application  was  500,000  gallons  per  acre 
daily,  and  the  filter  disposed  of  it  without  difiSculty.  The  surface 
of  the  filter  was  not  disturbed  until  April.  During  April  it  was 
raked  to  the  depth  of  3  inches  once  each  week  to  April  33,  and 
from  this  date  until  the  end  of  the  experiment  to  the  same  depth 
daily. 

MotUhly  Averages  of  Analyses  of  E^uent  of  Filler  No.  58. 
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is  ofteo  very  highly  colored.  It  has  been  applied  to  the 
average  rate  of  65,500  galloos  per  acre  daily,  withoul 
The  efflueDt  of  the  filter,  while  greatly  improved  in  app< 
analysis  from  the  applied  liquor,  is  still  highly  charged  v 
matter  in  solution ,  and  the  degree  of  alkalinity  of  the  liqu 
ently  unfavorable  to  the  development  of  the  nitrifying  i 
the  filter. 


Average  Analysis  of  Liquor  applied  to  and  Effluent  fro 

[PirU  ft  100.000.] 
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Fater  JVo.  61. 
This  filter  is  one  twenty-thouaandth  of  an  acre  in  arei 
taina,  over  the  usual  under-drains,  60  inches  in  depth 
an  effective  size  of  0,25  millimeter.  To  this  filter  has  b 
the  waste  liquor  from  scoaiing  wool  at  an  average  rate, 
tember  8,  of  17,000  gallons  per  acre  daily.  The  resa 
obtained  have  showD  that,  while  this  liquor  can  be  filtei 
sand  and  a  large  percentage  of  its  organic  matters  remc 
is  with  such  difficulty,  owing  to  clogging  and  necessary 
the  surface  layers  of  the  sand  of  the  filter,  that  a  prelimi 
ment  to  remove  a  large  part  of  the  dirt  and  fatty  mat 
filtration  is  essential. 
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Filters  Nos.  VI.  and  VII. 
Filter  No.  VI.  contained  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.25  millimeter,  and  Filter  No.  VJI.  contained  the  same 
depth-of  coke  breeze.  To  these  two  filters  the  effluent  of  Filter  No. 
61  was  applied  at  an  average  rate,  from  October  1  to  January  1,  of 
50,000  gallons  per  acre  daily.  Each  filter  disposed  of  the  applied 
liquor  readily,  but  it  passed  through  the  5  feet  of  filtering  material 
with  little  or  no  change,  the  organic  matters  present  being  of  a  very 
stable  character  and  the  degree  of  alkalinity  obtained  prejudicial  to 
nitrification. 

Averagt  Analyata  of  Effluents  of  FtlUn  Nos.  VI.  and  VII. 
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Filler  JVo.  VIII. 
This  filter  contains  5  feet  in  depth  of  sand  of  an  effective  size  of 
0.25  millimeter,  and  has  received  the  supernatant  liquid  resulting 
from  precipitating  the  fat  and  dirt  out  of  the  strong  waste  wool 
scouring  liquor  by  means  of  calcium  chloride.  This  treatment  witb 
calcium  chloride  g^ves  an  almost  complete  clarification  of  the  liquor, 
and  its  strength  after  treatment,  estimated  by  albuminoid  ammonie 
determinations,  is  about  the  same  as  the  efiluent  of  Filter  No.  61. 
Filter  No.  VIII.  has  disposed  of  this  clarified  liquor  readily  at  at 
average  rate  of  100,000  gallons  per  acre  daily,  but  it  has  passed 
through  the  5  feet  of  sand  with  very  little  change. 

Avtrage  Analysis  of  Effluent  of  FiUer  No.  VIII. 
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Discussion  of  Bacterial  Efficiency  of  the  Fi 
We  see  by  this  table  that  the  average  bacterial  effici 
filters  during  1895  has  (excluding  the  results  obtaiDed 
No.  42,  which  has  coDtaiued  for  a  portion  of  its  period  o 
only  1  inch  in  depth  of  sand)  varied  from  97.69  per  ci 
part  of  Filter  No.  63  to  99.75  per  cent,  on  the  part  of  Fi 
Filter  No.  63  was,  in  common  with  filters  No.  62  and 
filter,  having  been  operated  only  three  months  at  the  tin 
ages  were  made,  and  coDtaioing  but  2  feet  in  depth  of 
eluding  from  the  averages  of  the  year  filters  Nos.  42,  62, 
for  the  reasons  given,  the  bacterial  efficiency  of  the  rema 
—  filters  which  had  been  in  operation  for  a  period  durir 
earlier  years  —  varies  from  98.74  per  cent,  on  the  part  ol 
45  to  99.75  per  cent,  on  the  part  of  Filter  No.  41.  All 
with  the  exception  of  filters  Nos.  3  B,  7  A  and  8  A,  ai 
an  acre  in  area  and  within  the  buildings.  These  small 
not  be  operated  during  the  winter  months  on  accou' 
plications  from  freezing,  which  causes  the  formation  i 
between  the  body  of  the  sand  and  the  sides  of  the 
and  on  account  of  the  evolution  of  air  from  the  satui 
within  the  filters.  These  facts  have  been  thoroughly  e 
previous  reports,  and  it  is  enough  at  this  time  to  state  tl 
simply  efilects  of  the  location  of  these  small  experiments 
not  factors  in  filtratioD.  Filters. Nos.  3B,  7  A  and  8  A 
out  of  doors  and  are  each  ^^^  of  an  acre  in  area.  Filte: 
an  intermittent  filter  and  Filter  No.  8  A  is  a  continuou 
both  have  been  operated  constantly  since  their  constru 
23,  1893  ;  and,  although  they  are  not  protected  from  the 
filters  in  this  climate  undoubtedly  should  be,  the  result 
are  probably  the  moat  important  obtained  at  the  expt 
tion,  and  illustrate  more  completely  than  the  results  of  c 
the  other  filters  the  average  yearly  bacterial  efficiency 
obtained  by  filters  containing  5  feet  in  depth  of  mediui 
operating  at  normal  rates. 

The  average  daily  number  of  bacteria  per  cubic  centii 
effluent  of  Filter  No.  3  B  for  the  year  is  shown  by  the  t« 
532,  and  a  simitar  table  on  page  538  gives  the  same  inl 
regard  to  the  effluent  of  Filter  No.  8  A.  In  studying  t 
month  by  month  we  learn  in  the  case  of  Filter  No.  3  B  (ii 
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the  following  facts  :  the  KveiBge  bacterial  efficiency  of  the  year  was 
99.16  per  cent.,  but  on  Beveral  occasions  during  the  winter  months 
the  bacterial  efficiency  was  low.  On  January  8  the  surface  of  the 
filter  was  raked  to  the  depth  of  1  inch  to  remove  clogging,  and  the 
filter  was  subsequently  put  in  operation  by  filling  from  above  with 
canal  water,  and  on  January  9  and  10  the  bacterial  efficiency  of  the 
filter  was  91.70  and  96.50  per  cent,  respectively,  but  on  no  other 
day  of  the  month  was  its  efficiency  less  than  96  per  cent.  From 
February  6  until  February  12,  inclusive,  owing  to  a  frozen  feed- 
pipe, the  filter  stood  uncovered  with  water  and  became  frozen  to  a 
considerable  depth.  The  bacterial  results  of  the  next  few  days  were 
of  course  poor,  and  should  hardly  be  included  in  the  yearly  averages. 
During  the  winter  mouths,  up  to  March  1 1 ,  the  filter  had  been  oper- 
ated at  a  rate  of  1,500,000  gallons  per  acre  daily,  but  on  this  date, 
owing  to  an  increased  supply  of  water,  the  rate  was  increased  to 
5,000,000  gallons  per  acre  daily,  and  this  rate  continued  until 
November  24.  For  the  six  days  following  this  increase  of  rate  the 
bacterial  efficiency  averaged  94.85  per  cent.,  but  from  this  time 
throughout  the  remainder  of  the  year  the  daily  bacterial  efficiency 
was  never  less  than  98  per  cent.,  and  for  months  at  a  time  was 
99.50  per  cent,  or  more.  The  comparatively  low  bacterial  efficiency 
obtained  at  times  during  the  winter  months  was  largely  due  to  the 
exposure  of  the  surface  of  the  sand  to  extremely  cold  weather,  and 
could  be  avoided  to  a  large  extent  with  covered  filters. 

Studying  the  bacterial  results  of  Filter  No.  8  A  (continuous),  given 
in  the  table  on  page  538,  we  find  that  its  daily  bacterial  efficiency  for 
the  year  was  99.73  per  cent.  Throughout  January  and  February  and 
the  first  eleven  days  of  March  this  filter,  although  exposed  to  the 
weather,  gave  a  bacterial  efficiency  that  was  on  no  occasion  less  than 
99.35  per  cent.  During  this  period  the  filter  was  operating  at  a  rate 
of  1,500,000  gallons  per  acre  daily.  On  March  11,  owing  to  an  in- 
creased water  supply,  the  rate  of  filtration  was  increased  to  5,000,000 
gallons  per  acre  daily,  and  this  rate  continued  until  November  25. 
For  a  period  of 'eight  days  following  this  increase  of  rate,  that  is, 
from  March  12  to  19  inclusive,  the  bacterial  efficiency  of  the  filter 
averaged  96.30  per  cent.,  with  a  minimum  efficiency  of  92.30  per 
cent.  From  this  last  date  until  the  close  of  tt)e  year  the  bacterial 
efficiency  of  the  filter  was  never  less  than.  98  per  cent.,  and  only  on 
two  or  three  occasions  less  than  99  per  cent.,  and  for  months  at  a 
time  maintained  a  uniform  efficiency  of  99.50  per  cent,  or  more. 
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The  bacterial  results  obtftiaed  froin  these  targe  filters  up 
3  and  4  are  significaat  when  compared  with  the  results  c 
these  days  from  the  small  filters.  On  these  two  days  the 
bacteria  Id  the  applied  water  was  319,000  and  IIO.OOC 
centimeter,  respectiTely,  and  in  Filter  No.  3B,  233  and 
No.  7  A,  24  and  55,  and  Filter  No.  8  A,  22  and  7  per  c 
meter,  respectively.  The  effluents  of  the  small  filters  all 
much  larger  namber  of  bacteria  per  cubic  centimeter  upon 

Bacterial  Efficiency  of  the  Small  In-door  Filter 

These  filters,  as  has  been  stated,  can  be  operated  onl 

of  the  year,  and  have  been  largely  used  during  1894  a 

studying  the  bacterial  results  obtained  from  filters  of  difier 

material  and  period  of  operation  when  they  are  subjecte 

atioDS  of  rate  of  filtration,  deep  scrapings,  raking,  etc. 

coDsequently  been  operated  in  many  instances  in  a  man 

(  to  be  unfavorable  to  the  greatest  average  bacterial  e£S< 

I  the  tables  given  in  a  subsequent  portion  of  this  repoit  a 

I  :  the  daily  bacterial  efficiency  of  filters  No.  18  to  64,  inclusi' 

t  terial  results  of  those  days  when  the  filters  were  subjecte 

•  mal  treatments  are  of  samples  tnken  before  such  treatmei 

The  average  daily  bacterial  results  of  the  following  day 

ever,  necessarily  affected  in  many  instances.     For  this 

results  are  not  considered  to  be  as  representative  as  the  i 

filters  Nos.  3B  and  8  A.     Another  complication  enterii 

summarizing  of  the  results  of  thpse  small  filters  is  the  I 

i  the  middle  of  tbetr  period  of  operation  during  1895,  those 

approximately  5  feet  in  depth  of  sand  were  cut  down  to 

3  feet.     All  of  these  filters,  that  contained  at  the  beginni 

period  of  operation  in  1895,  5  feet  in  depth  of  filtering  ma 

a  bacterial  efficiency  varying  from  98.74  i>er  cent,  to  99.71 

operating  at  rates  of  filtration  varying  from  2,000,000  tt 

gallons  per  acre  daily.     Filter  No.  38,  containing  apf 

20  inches  in  depth  of  sand,  and  operating  at  an  avera 

940,000  gallons  per  acre  daily,  bad  a  bacterial  efficient 

per  cent.,  and  Filter  No.  46,  containing  approieimately  1 

depth  of  sand,  and  operating  at  the  rat«  of  4,480,000  gall( 

daily,  had  a  bacterial  efficiency  of  98.95  per  cent. 

In  calculating  the  bacterial  efficiency  of  these  small 
results  obtained  during  the  first  ten  days  of  their  operatioi 
of  biological  coostruction,  are  omitted. 
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Bacterial  I*uriJication. 
Tbe  chief  object  of  water  filtration  ia  the  removal  of  disease  genua, 
lie  results  of  filtration  for  the  year,  givea  in  the  precediog  table 
nd  discussion,  are  entirely  confined  to  the  removal  of  the  bacteria 
ormally  present  in  the  Merrimack  River  water  as  it  flows  past 
jawrence,  after  receiving  the  sewage  of  Lowell,  Mancheeter,  Con- 
ord  and  many  other  cities  and  towns  upon  its  water-shed.  These 
octeria  are  of  many  kinds,  and  are  chiefly  those  found  in  the  wastes 
f  human  and  animal  life  together  with  many  whose  natural  habitat 
1  the  river  water.  To  strengthen  and  confirm  the  results  obtained 
ly  sand  filtration  of  this  water,  it  hae  been  the  custom  for  the  past 
Bw  years  at  the  station  to  add  at  times  to  tbe  water  applied  to  the 
Iters  a  pure  culture  of  B.  prodigwsus.  The  reasons  for  the  appli- 
stion  of  this  germ  are  that  it  is  apparently  incapable  of  growth 
ritbin  the  filters  and  their  under-drains,  can  be  readily  detected  if 
iresent  in  the  effluents,  and  hence  its  percentage  removal  by  the 
liters  more  definitely  determined  than  the  percentage  removal  of 
he  various  kinds  of  bacteria  normally  present  in  the  applied  water. 
>ome  of  these  bacteria,  we  have  been  led  to  believe  by  results  obtained 
n  former  years,  are  capable  of  multiplying  within  the  filters,  and  in 
his  manner  preventing  the  number  of  bacteria  present  in  the  effluent 
epresenting  the  number  which  have  passed  through  the  entire  filter. 
rbe  tables  showing  the  number  of  B.  pTodigioaua  in  the  applied 
rater  and  in  tbe  effluents  of  the  various  filters  are  given  on  page 
'29  and  following  pages.  In  studying  these  tables  we  see  that  the 
lacterial  purification  obtained  by  the  various  filters  has  been  much 
greater  than  their  bacterial  efficiency.  The  bacterial  purification 
esulte  obtained  from  filters  Nos.  3B  and  8  A  may  be  summarized 
s  follows:  tbe  rate  of  filtration  of  Filter  No.  3B  was  increased 
ifarch  11  from  1,500,000  gallons  to  5,000,000  gallons  per  acre 
iaily,  and  on  this  day  B.  prodigiosus  was  first  applied.  Each 
lubic  centimeter  of  applied  canal  water  upon  this  day  contained  617, 
,nd  on  the  five  following  days  500,  970,  1,882,  870  and  244  germs 
if  B.  p}-odigiosua,  respectively,  and  each  cubic  centimeter  of  the 
iffluent  contained  on  these  days  5,  10,  5,  5,  2  and  1,  respectively, 
bowing  an  average  bacterial  purification  for  these  days  of  94.50  pei 
«nt.  The  application  of  B.  prodigiosus  was  continued  at  the  same 
ate  until  April  10,  but  only  once  after  March  16  was  ite  presence  tie- 
ected  in  the  effluent.     Such  a  great  fiuctuation  of  rate  as  that  given 
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above,  and  which  resulted  in  low  bacterial  e£Bciency  and  purifi 
is  not  a  necessary  occurrence  in  natural  sand  filtration,  and  the 
obtained  must  be  regarded  as  abnormal. 

From  September  i  to  November  21,  when  the  filter  was  opi 
normally  at  a  5,000,000  gallon  rate,  B.  prodigiosus  was  ag 
plied  in  the  same  proportion  for  ten  hours  daily  and  on  oi 
days  was  its  presence  detected  in  the  effluent.  The  bacterial 
cation  obtained  by  the  filter  during  these  three  months  was  9 
per  cent.  This  same  germ  was  applied  in  the  same  propor 
Filter  No.  8  A  from  March  11  to  April  10,  and  the  rate  of  op 
of  this  filter  was  increased  to  the  same  extent  on  March  12 
of  Filter  No.  3  B.  It  is  of  interest  to  note  that  on  March 
germ  did  not  appear  in  the  effluent,  but  that  on  March  12,  t 
on  which  the  rate  was  increased  70  per  cent.,  the  effluent  coi 
41  per  cubic  centimeter,  and  its  presence  was  noted  upon  fifl 
the  days  upon  which  it  was  applied  up  to  April  10.  The  b 
bacterial  purification  of  the  filter  during  the  first  six  days  of 
plication  was  87.9  per  cent,  and  for  the  remaining  period 
April  10  was  911.85  per  cent. 

From  May  6  to  November  19,  and  from  this  last  date  until  ] 
ber  1,  during  which  entire  period  the  filter  was  running  norm 
a  rate  of  5,000,000  gallons  per  acre  daily,  B.  prodigioaus  was  i 
up  to  November  19  in  the  same  proportion  as  during  the 
from  March  11  to  April  10,  and  from  November  19  to  Decei 
in  numbers  twice  as  great,  and  on  only  five  days  in  this 
period  was  its  presence  detected  in  the  effluent  of  this  filter, 
a  bacterial  purification  of  99.99-)-  per  cent. 

Filter  No.  7  A  of  the  same  area  as  filters  Nos.  ^  B  and  8 
containing  only  2  feet  in  depth  of  a  somewhat  coarser  saii 
B.  prodigiosus  applied  to  it  in  the  same  proportion  as  to  filtei 
3B  and  8  A  ten  hours  daily,  from  August  20  to  Novembei 
elusive,  during  which  period  the  filter  was  filtering  at  a  i 
5,000,000  gallons  per  acre  daily,  and  the  presence  of  the  ge 
detected  in  the  effluent  upon  sixteen  days.  Of  these  sixtet 
twelve  were  of  the  first  three  or  four  days  following  scraping 
move  clogging  of  the  surface  of  the  filter. 

The  bacterial  purification  obtained  by  the  amall  in-door  filt 
been  uniformly  greater  than  their  bacterial  efficiency.' 
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creased  Effectiveness  of  Filters  due  to  Age  or  Length  of  Period 

of  Service. 
Bacterial  results  have  been  given  from  time  to  time  tending  to 
ow  that  the  bacterial  efficiency  of  sand  filters  iocreased  in  pro- 
rtioD  to  their  period  of  service.  This  tendency  towards  increased 
ectiveness  with  increased  age  is  made  more  clear  by  the  results 
taitied  during  the  past  year  (1895)  from  those  filters  which  have 
en  in  operation  at  the  station  for  Beveral  years.  This  increased 
iciency  of  the  filters  is  probably  due  to  the  accumulation  of  organic 
d  mineral  matter  of  a  gelatinous  character  upon  the  sand  grains  of 
B  filter,  together  with  an. increased  compactness  of  the  sand  caused 

a  moderate  amount  of  settling..    Filter  No.  18  A,  the  oldest  filter 

use  at  the  station  during  1895,  and  one  of  the  two  filters  wi^ 
eatest  effective  size  of  sand  grain,  was  in  operation  during  1893 

an  average  rate  of  about  2,000,000  gallons  per  acre  daily,  and  its 
cterial  efficiency  was  96.75  per  cent.  During  1894  its  rate  of 
leration  was  4,500,000  gallons  per  acre  daily  and  its  efficiency  was 
1.97  per  cent.,  and  during  1895  it  has  been  operating  approxi- 
itely  at  the  name  rate  as  during  1894,  and  its  bacterial  efficiency 
a  been  99.57  per  cent.  This  increased  bacterial  efficiency  caused 
■  length  of  period  of  service  is  considerably  more  marked  with 
ters  constructed  of  medium  coarse  or  coarse  sands  than  it  is  with 
ose  constructed  of  medium  fine  sand.  The  following  table  of  results 
im  filters,  all  of  which  were  constructed  during  1893,  is  interesting 

bearing  upon  this  point.  All  of  these  filters  contained  during 
i93  and  1894  5  feet  in  depth  of  sand,  but  Aug.  1,  1895,  filters 
33.  43,  44,  45  and  46  were  reduced  in  depth  to  3  feet. 

[bU  showing  ihe  BaettritU  Efficiency  of  Fillers  during  SuccesHve  Years  of  their 
Period  of  Service. 
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II;ffe<A  of  Different  Depths  of  Filtering  Material  upon 
Efficiency. 

If  filters  2  or  3  feet  in  depth  can  by  careful  sapervisii 
aa  noiformly  satisfactory  results  from  a  bygieoic  point 
filters  containing  5  feet  in  depth  of  filtering  material,  tl 
constructioii  woald  be  materially  lessened.  The  results 
the  station  have  indicated  that  nearly  as  satisfactory 
given  by  shallow  filters  as  by  deeper  ones,  especially  af) 
of  service  of  some  considerable  length,  but  that  they  are 
sensitive  to  disturbing  infiuenceB.  This  really  means  tht 
in  practical  operation  is  to  be  supervised  by  experts,  satis 
safe  results  can  be  secured  with  a  bhallow  depth  of  sand, 
its  operation  is  to  be  entrusted  to  unskilled  bands,  nc 
quainted  with  the  essential  features  of  successfiil  sand  fil 
steadying  influence  of  a  considerable  depth  of  sand  is  all 
This  is  especially  so  in  winter,  when  formation  of  ice  si 
of  the  sur&ce  sand  is  liable  to  occur,  as  at  such  times  tl 
most  skilful  handling  would  be  necessary,  with  a  sballo 
produce  satisfactory  results.  The  depth  of  sand  in  tht 
city  filter  and  the  method  of  under-draining,  by  which  t 
of  filtration  is  checked,  have  undoubtedly  been  of  extrei 
producing  good  hygienic  results. 

To  make  a  really  just  comparison  between  filters  i 
depths  of  filtering  material,  the  filters  should  be  of 
grade  of  sand,  of  the  same  period  of  service  and  should 
operated  at  the  same  rate.  We  can  make  no  such  abi 
parison  of  any  of  the  filters  in  operation  during  1S95, 1 
parison  of  some  value  can  be  shown  by  the  followin 
results  of  the  three  days  preceding  and  three  days  folloi 
ing  the  surfaces  of  filters  N^os.  7  A  and  8  A.  It  can  ala 
that  scraping  the  surface  of  Filter  No.  8  A  did  not  aSei 
terial  purification  results  obtained,  while  scraping  the 
Filter  Ko.  7  A  almost  invariably  caused  the  appearance 
digiosua  in  the  effluent  for  the  three  or  four  days  followit 

The  second  table  shows  the  number  of  bacteria  in  the  i 
these  two  filters  at  periods  between  scraping,  when  the 
operating  at  approximately  the  same  rate;  namely,  5,(K 
Ions  per  acre  daily. 
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Table  iKowing  Iht  Effect  of  Scraping  Filteri  Tioo  Feet  and  Five  Feet  Deep. 
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iMe  ihowing  the  Number  of  Bacteria  per  Cubic  Cenlimeler  in  the  Effluent  of 
Filters  Not.  8  A  and  7  A  at  Periods  between  Scraping,  when  the  Filters  were 
operating  at  Approximately  the  same  Sate. 
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:ate  board  of  health. 

Iters  No3.  43,  44,  45  and  47,  which 
cted  ID  1893,  5  feet  in  depth  of  eand 
ly  shallower  by  the  removal  of  saod  f 
down  to  the  extent  necessary  to  cau 
epth  of  sand  over  their  under-drains. 
I  A  and  50  were  treated  in  a  like  m 
I  required  depth  it  was  necessary  to  re) 

this  reduction  in  depth  was  to  study  a 
d  from  the  same  filters  when  of  differ 
as  defeated  to  some  extent  by  the  fact 

depth  of  filtering  material,  which  ha< 
tire  by  the  organic  matter  accumulate 
y  establishing  new  filters.  The  resul 
re  could  not  in  fairness  be  compared 
ly  obtained,  when  the  filters  were  of  grc 

be  compared  with  results  obtained  dui 
jration  of  these  filters,  as  at  that  timi 
nic  matter  or  gelatinous  films  upon  the  i 

the  sand  remaining  in  the  filters  after 
)  gelatinous  films  were  present  to  a  < 
■■  said,  however,  that  these  filters,  after 
ition,  gave  nearly  as  great  bacterial  effic 

of  filtration,  but  were  more  sensitive  t 
ler  comparison  can  be  made  between 
Br  No.  46,  containing  approximately  1 
in  effective  size  of  0.29  millimeter,  hat 
I'ear  of  98.95  per  cent.,  with  an  aver 
),000  gallons  per  acre  daily,  while  Fi 
imately  60  inches  in  depth  of  sand  < 
st  It  and  after  this  date  36  inches  in  de 
fficiency  for  the  year  of  99.38  per  ce 
Lration  of  6,600,000  gallons  per  acre  di 
1  Filter  No.  46  was  scraped  ten  timef 
)th  of  sand  removed  at  each  scraping  av 
e  average  number  of  bacteria  per  cubi< 
'  the  twenty-four  hours  following  thej 
No.  47  was  scraped  thirteen  times  to  r 
'  1  and  August  1 ;  the  depth  of  sand  n 
3  of  an  inch,  and  the  average  number  o 
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each  cubic  centimeter  of  the  effluent  for  the  twenty-four  houra  fol- 
lowing scraping  averaged  S6.  These  two  61ter3  are  of  the  same 
age. 

The  Effect  of  the  Amount  of  Loss  of  Head  upon  Bacterial  Efficiency. 
It  has  been  stated  in  the  last  two  reports  that,  contrary  tu  some 
European  experience,  the  experimental  filters  at  Lawrence  under 
ordinary  conditions  show  no  diminution  in  the  removal  of  bacteria 
when  the  loss  of  head,  or  measurement  of  the  frictional  resistance 
of  the  sand  of  the  filter  to  the  passage  of  water,  reaches  nearly  or 
quite  the  total  depth  of  the  filter  (sand  and  water).  The  results 
obtained  for  18!)5  from  filters  operating  under  normal  conditions 
emphatically  confirm  the  earlier  ones.  In  studying  the  bacterial 
efficiency  of  the  various  filters  when  their  loss  of  head  was  at  or 
approaching  its  maximum,  occasional  results  can  be  found  giving 
slightly  higher  numbers  of  bacteria,  but  generally  not  enough  higher 
to  lower  the  bacterial  efficiency  of  the  filter  more  than  a  small  frac- 
tion of  one  percent.  If  we  take  the  results  obtained  from  filters  Nos. 
3  B,  7  A  and  8  A  to  represent  the  results  obtained  by  filters  operat- 
ing under  normal  conditions,  we  learn  the  following  facts  regarding 
this  point;  Filter  No.  3B  was  scraped  ten  times  during  1895  to 
remove  clogging  and  keep  the  rate  to  the  prescribed  limit ;  that  is  to 
say,  the  loss  of  head  reached  its  maximum  ten  times,  but  the  lowest 
bacterial  efficiency  obtained  at  any  time  upon  the  day  immediately 
preceding  scraping  was  99.25  per  cent.  Filter  No.  8  A  was  scraped 
sixteen  times  during  the  year,  and  the  lowest  bacterial  efficiency  ob- 
tained at  any  time  upon  the  day  immediately  preceding  scraping 
was  99.22  per  cent.  Filter  No.  7  A  contains  bat  2  feet  in  depth  of 
sand  and  was  scraped  twelve  times  during  its  period  of  operation  in 
1895,  and  its  lowest  bacterial  efficiency  upon  any  day  immediately 
preceding  scraping  was  98.90  per  cent. 

Effect  of  Fluctuation  in  Mate  upon  Bacterial  Efficiency. 
Under  the  discussion  of  the  bacterial  efficiency  obtained  during 
the  year  by  filters  Nos.  3  B  and  8  A  on  page  506,  the  poor  results 
obtained  for  a  few  days  in  March,  following  the  increase  of  rate  of 
each  filler  from  1,500,000  to  5,000,000  gallons  per  acre  daily,  has 
been  noted.  At  the  time  when  these  increments  of  rate  were  made 
the  filters  had  been  scraped  to  a  depth  of  1  inch  and  then  raked  to 
a  depth  of  1  inch.     This  was  a  combination  of  factors  well  calcu- 
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lated  to  produce  low  efficiency  and  Dot  oeceBsary  in  actaa 
It  h&8  been  shown  by  the  table  on  page  513  that  acraf 
No.  8  A  had  little  if  any  effect  apon  its  bacterial  effic 
many  thoasand  samples  of  the  effluents  of  intermittent  fil 
after  flooding  and  when  the  rates  of  filtration  of  the  1 
slowly  increasing  to  the  maximum,  prove  that  rates  may 
increased  without  diminishing  bacterial  efficiency^ 

Violent  fluctuations  of  rate,  either  above  or  below  t 
produce  mechanical  disturbaDcea  of  the  filtering  materi: 
minished  bacterial  efficiency  for  periods  more  or  l^ss  prol 

The  following  table  records  some  results  obtained  by 
the  rates  of  filtration.  The  namber  of  bacteria  per  cubic 
in  the  effluents  before  the  changes  were  made  are  give 
with  the  maximom  number  found  after  the  change.  £ 
results  represents  from  ten  to  twenty  bacterial  analyses 
of  the  effluent,  most  of  which  were  collected  at  about  the 
the  water,  which  was  in  the  upper  portion  of  the  filter  wl 
was  changed,  was  flowing  from  the  filter. 
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Id  making  these  experiments  the  outlets  of  the  filters  were  in 
Qost  instaocea  opeoed  quickly  and  allowed  to  remain  open,  but 
iccasioDally,  as  with  Filter  No.  43  on  November  9,  the  faucet  was 
ipened  quickly,  allowed  to  remain  so  for  a  few  minutes  and  then 
losed  to  its  original  position.  The  experiments  were  all  made 
luring  the  months  of  October  and  November,  and  during  October 
he  number  of  bacteria  in  the  applied  canal  water  was  unusually 
ligb.  On  October  10,  the  day  on  which  the  rate  of  Filter  No.  33 
ras  first  fluctuated,  as  given  in  the  table,  the  number  of  bacteria  in 
he  applied  canal  water  was  298,000,  and  on  October  9,  the  day  on 
vhich  the  rate  of  Filter  No.  48  was  first  fluctuated,  the  number  in 
he  canal  water  was  126,000  per  cubic  centimeter. 

Sigh  Ratea  of  FiUration. 

The  longer  the  investigations  upon  water  filtration  have  been  con- 
inued,  the  more  evident  it  has  become  that  entirely  satisfactory 
lacterial  purification  of  water  can  be  obtained  at  rates  of  filtration 
nuch  greater  than  formerly  supposed.  If  the  results  obtained  at 
he  station  daring  the  past  two  or  three  years  have  decided  anything 
bey  have  certainly  made  this  point  clear.  It  has  also  been  de- 
tisively  settled  that  the  bacterial  e£Bciency  of  natural  sand  filters 
Dcreaaea  with  age,  and  that  a  growing  municipality  that  decides  to 
liter  its  water  supply  through  sand  can  reckon  upon  increasing  the 
rolume  of  water  filtered  through  a  given  area  of  filter  bed  as  the 
SIter  grows  older,  and  obtain  a  bacterial  efficiency  equal  to  that 
obtained  at  the  beginning  of  operation  of  its  filter.  Entirely  satis- 
'actory  results  were  obtained  during  1895  from  filters  operating  at 
rates  of  5,000,000  and  even  7,000,000  gallons  per  acre  daily.  The 
results  from  filters  Nos.  3  B  and  8  A  have  been  mentioned  on  pre- 
rious  pages,  and  the  average  bacterial  efficiency  of  all  the  filters, 
:»gether  with  their  rates  of  operation,  have  been  given  in  the  first 
table  of  this  report. 

Increasing  the  rates  of  individual  filters  from  year  to  year  has  not 
resulted  in  decreased  bacterial  efficiency,  but  the  increase  of  period 
af  service  of  these  filters  has  been  partly  accountable  for  the  entirely 
satisfactory  results  obtained.  An  interesting  experiment  has  been 
made  with  filters  Nos.  48  and  49.  These  two  filters  each  contain 
approximately  5  feet  in  depth  of  sand  of  an  efiective  size  of  0.38 
millimeter  and  were  constructed  at  the  same  time.  During  1894 
and  1895  Filter  No.  49  has  been  operated  at  a  rate  approximately 
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eat  as  the  rate  of  openttioa  of  Filter  No. 
Qcteacy  of  these  two  filters,  together  with  tl 

given  in  a  following  table.     The  results  an 

that  a  filter  can  be  operated  at  a  rate  o( 
gallons  per  acre  daily  and  maintain  an  avera 
'  more  than  99  per  ceot. 

one  instance  recorded  which  deserves  < 
tober,  1895,  the  average  number  of  bact 
[■'ilter  No.  49  was  533.  In  order  to  mainta 
tion  it  was  neceaaary  to  scrajie  this  filter  ver 
>ber,  and  as  the  average  number  of  bacteria  in 
was  unusually  high  on  several  occasions,  they 

the  effluent.  For  instance,  on  October  3 
cteria  per  cubic  centimeter  in  the  applied 
le  effluent.  On  October  9,  12  and  15  th 
A  on  these  days  there  were  126,000,  147,000 
r  cubic  centimeter  in  the  applied  water  and  1 
'teria  per  cubic  centimeter  in  ti^e  effluent. 

at  this  time  was  running  at  au  average  rate 
),000,000  gallons  per  acre  daily.  Filter  No. 
te  of  5,000,000  gallons  per  aci-e  daily,  was 
these  high  numbers  of  bacteria  in  the  appliet 

the  Selalive  Effidency  of  FiUert  operating  at  High 
with  those  operating  at  Lower,  Bates  of  Fitlration. 
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Nearly  all  of  the  filters  have  been  operated  during  1895  at  rates 
rhicb  woald  bare  formerly  been  considered  abnormally  bigb,  but 
tie  good  and  uniform  bacterial  efficiency  obtained  at  tbese  bigb  rates 
f  filtration  certainly  go  to  prove  that,  in  estimatfis  of  the  cost  of 
onstruction  of  natural  sand  filter  beds,  rates  of  filtration  equal  to 
3ur  or  five  million  gallons  per  acre  daily  can  be  considered  safe 
rith  water  of  about  tbe  character  of  that  of  the  Merrimack  River. 


Vbe  Effect  of  the  Method  of  Application  of  Water  to  the  Filters 
upon  Bacterial  Efficiency, 
There  have  been  in  operation  at  the  station  during  1895  fourteen 
ontinuoua  and  five  intermittent  water  filters.  To  all  of  these  filters 
lerrimack  River  water,  containing  a  large  percentage  of  dissolved 
xygen,  has  been  applied,  and  none  of  the  filters  wbicb  have  con- 
fined more  than  12  inches  in  depth  of  filtering  material  and  were  in 
peration  during  1894  have  given  a  bacterial  efficiency  of  less  than 
'8.74  per  cent.  The  method  of  operating  the  intermittent  filters 
ras  the  same  as  during  1894,  and  as  follows  :  at  6.30  a.m.  the  ap- 
ilication  of  water  was  stopped  and  tbe  filter  allowed  to  drain  for 
wo  hours  from  the  time  when  the  surface  was  first  uncovered ; 
rater  was  then  again  applied  and  the  gate  of  the  outlet  pipe  kept 
onstantly  open.  Operating  in  this  way,  the  air  drawn  into  the 
Iter  while  tbe  surface  was  uncovered  and  the  fitter  was  draining 
ras  largely  forced  downward  through  tbe  outlet  and  much  surface 
isturbance  prevented.  Taking  intermittent  Filter  No.  3B  and  its 
ontinuouB  mate,  Filter  No.  8  A,  both  of  wbicb  were  operated 
brougbout  tbe  entire  year,  we  find  that  Filter  No.  8  A  has  given 
he  greatest  bacterial  efficiency.  Upon  a  comparison  of  their  effi- 
iency  during  difiTerent  seasons  of  the  year  it  is  found  that  during 
reather  when  tbe  temperature  of  the  day  is  not,  or  but  slightly, 
letow  the  freezing  point.  Filter  No.  3B  has  given  an  efficiency 
learly  or  quite  equal  to  Filter  No.  8  A.  During  freezing  weather, 
lowever,  the  exposure  of  tbe  surface  of  Filter  No.  3B  has  resulted 
Q  decreased  efficiency  at  times. 
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Bacteria  per  Cubic  Cenlimeler  in  Effluent  ofFiiler  No.  3  B. 
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The  Rverage  number  of  bacteria  in  the  applied  river  water  during 
ilia  period  was  about  12,000  per  eubic  centimeter. 

Od  Oct.  23, 1S95,  Filter  No.  3B,  while  operating  at  the  same  rate 
18  in  November,  1894,  was  again  spaded  over  to  a  depth  of  6  inches, 
t)ut  was  put  in  operation  after  this  treatment  by  filling  it  slowly  from 
below  with  city  filtered  water  and  then  allowing  it  to  stand  with  its 
jurface  covered  with  water  for  two  hours  before  again  turning  on  the 
river  water  and  opening  the  outlet  gate.  The  bacterial  results  suh- 
iequent  to  this  treatment  are  given  in  the  following  table :  — 


SacUria  per  Cubic  Centimeter  in 

Effiuera  of  Filter  No.  3  B. 
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Summary/  of  Restdts  of  Scraping  Water  Fillers. 
The  following  table  summarizes  the  results  obtained  during  the 
rear  in  regard  to  the  volume  of  water  filtered  between  scrapings, 
ind  the  approximate  depths  of  sand  removed  at  each  scraping,  for 
ill  filters  whose  depth  remained  practically  the  same  throughout 
,heir  period  of  operation. 
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Summary  of  BemlU  of  Berthing  Waier  FilUrs  during  li 
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Chemical  Purification  bt  Filtration. 
All  of  the  suspended  organic  matter  in  the  applied  rr 
removed  by  filtration  and  a  large  but  variable  amount  of 
organic  and  coloring  matters.  During  1894  the  average 
color  was  43  per  cent.,  of  albuminoid  ammonia  55  pe 
of  oxygen  consamed  44  per  cent,  of  that  in  the  unfilt 
mack  Kiver  water.  These  results  were  better  than  the 
during  1893  and  also  better  than  the  results  obtained  i 
as  shown  by  the  following  table.  A  nummary  of  this 
that  the  filters  have  removed  during  1895,  30  per  cent.  <: 
53  per  cent,  of  the  albuminoid  ammonia  and  36  per 
oxygen  consumed  in  the  applied  river  water.  The  b< 
obtained  upon  the  removal  of  color  and  oxygen  consu 
1894  were  probably  due  to  the  fact  that  at  the  beginni 
the  filters  were  filled  to  their  original  height  with  new  at 
experience  of  the  station  has  been  that  most  varieties  of 
the  greatest  efliciency  in  regard  to  the  removal  of  colo 
beginning  of  their  period  of  use  for  fiHration.  The 
albuminoid  ammonia  was  practically  the  same  as  during 
results  for  these  two  years  indicate  that  old  filters  an 
as  new  in  removing  that  organic  matter  determined  as 
ammonia.  With  the  applied  Merrimack  River  water, 
taining  a  considerable  percentage  of  dissolved  oxygen 
practically  no  difference  during  the  year  between  the 
tained  by  intermittent  as  compared  with  continuous  fil 
dissolved  oxygen  baa  invariably  been  present  in  the  effl 
various  filters,  with  the  exception  of  the  effluent  of  Fil 
during  a  portion  of  September.  This  filter  was  opera 
time  at  a  rate  of  10,000,000  gallons  per  acre  daily. 
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The  Water  taken  Jrom  the  Merrimack  River  and  a2)plied  to  the 
I!:^erime7ilal  Fillers. 

All  the  water  applied  to  the  filters  during  1895  has  been  Merri- 
mack River  water,  taken  from  the  Essex  Company's  canal.  Daring 
a  large  part  of  the  year  an  abundant  supply  was  obtained  through  a 
12-inch  iron  pipe  connected  with  the  locks  at  the  foot  of  the  canal. 
This  pipe  is  above  the  ground  and  cannot  be  used  during  winter 
weather,  and  for  this  reason  our  supply  of  water  is  more  limited 
during  cold  weather,  when  we  are  dependent  upon  the  water  ob- 
tained through  a  4-inch  pipe  from  the  same  canal. 

The  results  of  the  analyses  of  the  water  as  it  flows  upon  the  filters 
at  the  station  are  given  in  the  next  two  tables ;  the  first  giving  the 
average  daily  results  of  two  or  more  bacterial  determinations  and 
the  second  giving  the  monthly  averages  of  the  chemical  analyses. 
With  the  latter  table  are  given  the  results  of  bacterial  analyses  of 
samples  taken  at  the  same  time  that  the  samples  for  chemical  analy- 
sis were  taken.  Their  average  is  of  course  not  identical  with  the 
average  results  of  the  preceding  table. 
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of  Filter  No.  8  A  was  exemiDed  bj  this  method  did  a  single  B.  pro- 
digioaus  appear. 

Id  the  oext  table  are  given  the  average  numbers  of  B.  prodigiosus 
per  cubic  centimeter  in  the  applied  water  for  tea  hours  during  each 
day  that  this  germ  was  applied  to  the  filters. 

Average  Number  per  Cubic  Certtimeter  of  Baciilut  Prodigioms  in  Applied  River 
Water  for  Ten  Hours  Daily,  1895. 


DAT  or  Uomn. 


Hiidi.     AprlL       Mij.       JuQ 
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:he  filter  was  allowed  to  stand  full  of  water  for  forty-eight  hoars, 
md  started  at  the  usual  rate  April  28.  On  account  of  low  water  ia 
;he  canal  the  gate  on  the  outlet  remained  closed,  and  the  surface  of 
;he  sand  covered  with  water  oa  the  following  dates :  March  10,  30, 
ipril  27,  May  5,  June  8,  16,  23,  July  6, 13,21,25,  Aaguat  3,  Sep- 
ember  22,  28  and  November  23,  for  periods  varying  from  twelve 
;o  thirty-six  hours. 

A  short  trap  was  attached  to  the  outlet,  but  the  lower  foot  of  sand 
VRB  not  saturated.  In  order  to  remove  clogging  the  filter  was  filled 
vith  city  water  from  below  on  December  ^6,  and  the  surface  was 
■aked  to  a  depth  of  1  inch  on  January  8.  To  remove  clogging  more 
ifficiently  the  filter  was  scraped  as  follows :  1  inch  of  sand  was 
-emoved  on  March  9  and  26;  }  inch  (approximately)  of  sand  was 
■emoved  on  Jnne  25,  July  31,  August  26,  October  1,  16,  23,  Nov- 
imber  7  and  18.  After  scraping,  the  filter  was,  on  each  occasion, 
'aked  to  a  depth  of  1  inch,  except  on  October  23,  when  it  was  spaded 
o  a  depth  of  6  inches.  On  March  29  the  fitter  was  restored  to  its 
>riginal  height  with  new  sand,  after  scraping.  Before  applying 
»na1  water  the  filter  was  filled  with  city  (filtered)  water  slowly  from 
>elow  after  scraping  and  allowed  to  stand  for  several  hours. 

A  solution  seeded  with  Bacillus  prodigiosus  was  mixed  with  the 
ipplied  canal  water,  in  the  ratio  of  1  part  to  170,000  parts,  for  ten 
lours  a  day,  from  March  11  to  April  10,  aud  from  September  2  to 
November  21.  Fonr  samples  of  efBuent  collected  at  different  hours 
lach  day  (excepting  Sunday)  hare  been  analyzed.  Averages  of 
hese  analyses,  calculated  for  twenty-four-hour  periods,  are  given 
n  the  following  table  :  — 
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MonOtti/  Averages  of  Anaiytes  of  Effluent  of  Filter  No.  3  B. 

[Part!  par  IQO.OOO.] 
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Faier  No.  7  A. 
This  continuous  filtar  was  started  July  20,  1894,  and  cootaiued 

inches  in  depth  of  sand  of  an  effective  size  of  0.26  millimeter. 
i  hiBtory  for  the  year  1894  has  been  published  in  the  annual  report 

the  Board.  The  principal  features  in  the  history  of  the  filter 
iring  1895  are  as  follows :  — 

After  draining,  the  filter  went  out  of  operation  for  the  winter  on 
ecember  28,  1894.  On  March  24,  1895,  it  was  filled  slowly  from 
ilow  with  city  (filtered)  water  and  allowed  to  stand  for  thirty-six 
lurs.     March  26  the  filter  began  to  filter  canal  water  continuously 

a  prescnbed  rate  of  2,000,000  gallons  per  acre  daily.  This  rate 
OS  increased  permanently,  on  May  1,  to  5,000,000  gallons.    July 

for  a  period  of  sixteen  hours,  the  filter  ran  at  a  rate  of  5,250,000 
lUons.  A  trap  was  attached  to  the  filter  so  that  the  point  of  deliv- 
y  was  nearly  opposite  to  the  outlet.  Owing  to  high  water  the 
ite  on  the  outlet  remained  closed  from  April  10  to  13,  and  the 
irface  of  the  sand  covered  with  water.     The  gate  was  opened  April 


lo.  34.]  FILTRATION  OF  WATER.  537 

lit  was  removed  on  the  20th  ;  city  water  applied  from  below  on  the 
Ist  uDtil  the  surface  was  covered  and  the  filter  was  then  allowed 
o  rest  until  the  26th.  In  consequence  of  low  water  in  the  canal  the 
ate  on  the  outlet  remained  closed  and  the  surface  covered  with 
?ater  on  March  30,  April  27,  May  5,  June  8,  16,  23,  July  6,  13, 
1,  25,  August  3,  28,  September  23,  28  and  November  22,  for 
•eriods  varying  from  eight  to  thirty-six  hours. 

In  order  to  remove  clogging,  1  inch  of  sand  was  scraped  from  the 
urface  of  the  filter  on  January  25,  March  11  and  27. 

After  scraping  on  March  27  the  filter  was  restored  to  its  original 
opth  with  fresh  sand.  One-half  an  inch  (approximately)  of  sand 
'as  removed  by  scraping  on  May  9,  23,  June  11,  29,  July  16,  Au- 
ust  2,  20,  September  2,  18,  October  4,  17,  28,  November  12  and 
)ecemher  18.  After  scraping,  the  filter  was  raked  1  inch  deep, 
lied  slowly  with  city  (filtered)  water  from  below,  and  allowed  to 
tand  with  the  surface  covered  by  water,  for  periods  varying  from 
ine  to  thirty-four  hours.  On  May  9,  for  purposes  of  experiment, 
lie  filter  was  filled  with  canal  water  from  above  after  scraping.  Aa 
iie  surface  was  found  to  be  uncovered  on  February  1,  6,  September 
2  and  December  16,  city  water  was  applied  from  below  and  the 
Iter  allowed  to  stand  full  of  water  for  several  hours.  On  Novem- 
er  10  the  euiface  of  the  filter  was  spaded  6  inches  deep. 

A  solution  seeded  with  Bacillus  prodigiosus  was  mixed  with  the 
pplied  canal  water  in  the  ratio  of  1  to  170,000  parts  for  ten  hours 

day  (excepting  Sundays)  from  March  11  to  April  10  and  from 
lay  6  to  November  19  ;  and  in  the  proportion  of  1  part  to  85,000 
arts  from  November  21  to  December  1.  Several  samples  were 
oUected  for  bacterial  analyses  daily  (excepting  Sundays)  from  the 
ffluent.  Averages  of  these  determinations,  calculated  for  twenty- 
3ur-hour  periods,  will  be  found  in  the  record  of  daily  analyses  in 
iie  following  table :  — 
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Monthly  Averages  of  Analyses  of  affluent  of  Filler  No.  8  A. 
[Pkci*  per  100,000.] 
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This  intermittent  filter,  20  inches  in  diameter,  was  started  Sept 
7,  1889,  and  contained  62  inches  in  depth  of  sand  of  an  effectiv< 
ze  of  0.48  millimeter.  The  history  of  this  filter  up  to  Dec,  31, 
894,  has  been  published  in  previous  reports  of  the  Board.  Th( 
rincipal  points  in  its  history  during  1895  are  as  follows :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  oper- 
:ed.  On  May  1,  after  having  been  filled  slowly  from  below  witt 
ty  (filtered)  water,  it  was  put  in  operation  at  a  prescribed  rate  of 
,700,000  gallons  per  acre  daily.  The  depth  of  sand  in  the  filt«r  was 
d  inches.  The  period  of  intermittent  operation  waa  arranged  ir 
ich  a  manner  that  the  surface  remained  uncovered  for  two  hours  dur- 
ig  the  day,  excepting  on  Sundays,  when  the  filter  ran  continuously. 
.  trap  was  attached  to  the  outlet  in  such  a  manner  that  the  point  of 
ischarge  was  a  little  below  the  outlet  and  the  lower  layers  of  th« 
Iter  were  not  kept  saturated.  Owing  to  a  stoppage  in  the  canal 
ater  pipe  the  surface  of  the  filter  was  found  to  be  uncovered,  and  nc 
Huent  running,  on  May  25,  June  17  and  July  26.  In  consequence 
'  low  water  the  filter  was  not  in  operation  from  fifteen  to  twenty 
3urs  on  June  8,  July  6,  13,  August  3,  September  22  and  28.  Dur- 
g  these  iieriodd  the  surface  of  the  sand  remained  covered  with  water. 
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0  remove  clogging,  the  filter  was  scraped  as  f 
13  inch  ID  depth  of  saad  wae  removed ;  August  1 
131  enough  sand  was  removed  to  reduce  the  tots 
naterinl  to  3  feet;  November  5,  0.73  ioch.  Tb 
fld  and  filled  with  city  water  from  below,  as 
3B,  but,  as  ID  the  cases  of  the  other  small 

ivaa  applied  from  above  after  scrapiug.  On  Sep 
of  filtration  was  fluctuated  by  closing  the  gate 
niDute  and  then  opening  it  quickly  to  the  usual 
•r  2  aod  22  the  rate  was  fluctuated  by  throwing  t 
r  one  minute  and  then  reducing  the  rate  quickly 

1  seeded  with  Bacillus  prodigiosus  was  mixed  h 
I  water,  in  the  ratio  of  1  part  to  170,000  parts, 

,  from  November  19  to  23.  Samples  of  the 
ed  daily  (excepting  Suudays  and  on  certain  oth« 
he  record  of  these  daily  bacterial  analyses  will  b 
ng  table :  — 


Number  of  Bacteria  per  Cubic  Ctnlimtler  in  Effluent  of  I 
Id  A,  1895. 
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MonlMy  Averages  iff  Anaiytea  of  Effluent  o/FiUer  No.  ISA 
[P«u  p«  100,000.] 
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I'ilter  JTo.  33  A. 

This  continuouB  filter  was  started  April  28,  1892,  and  contained 
60  iacheB  in  depth  of  sand  of  an  effective  size  of  0.14  millimeter. 
The  history  of  the  filter  up  to  Dec.  31,  1H94,  has  been  published  in 
previous  reports  of  the  Board.  The  principal  points  for  the  year 
1895  are  as  follows  :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in 
operation.  On  May  1,  1895,  with  a  depth  of  sand  of  58  inches, 
after  having  been  filled  slowly  with  city  (filtered)  water  from  below, 
the  filter  was  put  in  operation  at  a  prescribed  rate  of  2,000,000 
giUlons  per  acre  daily.  A  trap  was  attached  to  the  outlet.  Owing 
to  low  water  in  the  canal  the  filter  was  not  in  operation  from  twenty- 
four  to  thirty-nine  hours  on  June  8,  July  6,  13,  August  3,  September 
22  and  28.  For  purposes  of  experiment  the  gate  on  the  outlet  pipe 
was  closed  for  one  minute  and  then  opened  to  the  original  point  on 
September  13,  October  3  and  4.  On  October  10  Ihe  gate  was 
thrown  wide  open  for  one  minute  and  then  closed  to  the  usual  point. 
The  surface  of  the  filter  was  scraped  to  remove  clogging  as  follows ; 
on  June  24,  0.27  inch  in  depth  of  sand  was  removed  from  the  sur- 
face; July  6,  0.24  inch;  July  31,  0.26  inch;  August  16,  0.29  incbj 
August  30,  0.30  inch;  September  21,  0.39  inch;  October  11,  0.27 
inch;  October  24,  0.39  inch;  and  Novemlier  19,  0.33  inch.  Aftei 
scraping,  this  filter  was  raked  and  filled  with  canal  water  from  above 
and  put  in  operation  at  once.  A  record  of  the  daily  (excepting 
Sundays)  bacterial  analyses  will  be  found  in  the  following  table  :^' 
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I  ifumbtr  of  Bacteria  per  Cubic  Centimeter  i 
33  A,  1395. 
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FILTRATION  OF  WATER. 


Monthly  Averages  of  Andlyaea  of  Effluent  of  Filler  No.  33  A. 
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Filter  JVb.  38. 

This  contiauous  filter  waa  started  on  April  28,  1892,  and  con- 
tained 24  inches  in  depth  of  aaod  of  an  efiective  size  of  0.20  milli- 
meter. The  hiatory  of  the  filter  up  to  Dec.  81,  1894,  has  been 
publiahed  in  previous  reports  of  the  Board.  The  principal  points 
in  its  history  during  1895  are  as  follows :  — 

The  depth  of  sand  ia  the  filter  on  Jan.  1,  1895,  was  18  inches. 
From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in  opera- 
tion. On  May  1,  1895,  after  having  been  filled  alowly  with  city 
(filtered)  water  from  below,  the  filter  was  put  in  operation  at  a  pre- 
scribed rate  of  1,000,000  gallons  per  acre  daily.  A  trap  was 
attached  to  the  outlet.  Owing  to  low  water  in  the  canni  the  filter 
was  not  in  operation,  for  periods  varying  from  thirty-four  to  thirty- 
nine  boars,  on  June  8,  July  8,  13  and  August  3.  The  filter  was 
allowed  to  stand  full  of  water  during  these  periods.  In  order  to 
remove  clogging  the  surface  of  the  filter  waa  acraped  as  followa: 
on  July  31,  0.31  inch  of  sand  was  removed,  and  on  August  21,  1 
inch  of  sand  was  removed  to  show  the  effect  of  deep  scraping. 
After  scraping,  the  filter  was  not  raked,  but  filled  with  canal  water 
from  above  and  put  into  operation  at  once.  A  sample  of  the  effluent 
waa  collected  daily  (excepting  Sundays)  for  bacterial  analysis  and 
the  results  are  recorded  in  the  following  table  :  — 


STATE  BOARD  OF  HEALTH. 


!  I>aUi/  Number  of  Bacteria  per  Cubic  Cenlimeler  in  Efflt 
No.  38, 1S95. 
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FILTRATION  OF  WATER. 


Monthly  Average*  of  Analyses  of  Effluent  of  FilUr  No.  38. 

[P*rta  per  IDO.OOO.] 
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Filler  m.  41. 
Phis  iDtermittent  filter  was  started  OQ  May  9, 1892,  aod  contnioed 
inches  in  depth  of  saod  of  an  efiective  eize  of  0.14  millimeter. 

history  up  to  Dec.  31,  1894,  has  been  published  id  previous 
>orts  of  tho  Board.  The  principal  poiuta  in  its  history  during 
)f>  are  as  follows  : — 

rhe  depth  of  sand  on  Jan.  1, 1895,  amoanted  to  58  inches.  From 
c.  1,  1894,  to  April  30,  1895,  the  Alter  was  not  in  operation. 

May  1,  1895,  after  having  been  filled  slowly  with  city  (filtered) 
ter  from  below,  the  filter  was  put  in  operatioa,  filtering  canal  water 
I  rate  of  2,000,000  gallons  per  aero  daily.  From  that  date  until 
vember  23  the  surface  remained  uncovered  for  two  hours  during 
h  day,  excepting  Sundays,  when  the  filter  ran  continuously.  A 
p  attached  to  the  outlet  prevented  air  from  passing  into  the  filter  at 
t  point.  Owing  to  low  water  in  the  canal  the  gate  on  the  outlet 
lained  closed  and  the  surface  of  the  sand  covered  with  water  on 
le  8,  July  6,  13  and  August  3,  for  periods  varying  from  thirty- 
)e  tn  thirty-nine  "hours.  The  surface  of  the  filter  was  scraped  in 
er  to  remove  clogging  as  follows :  on  June  4,  0.38  inch  of  sand  was 
loved ;  on  June  18,  0.23  inch ;  on  June  27,  0.33  inch ;  on  July 

0.43  inch ;  on  July  22,  0.37  inch  ;  on  July  30,  0.45  inch  ;  and 
August  16,  0.39  inch.     After  scraping,  the  filter  was  not  raked 

filled  with  city  filtered  water  from  below,  but  canal  water  was 
lied  at  the  surface.  A  record  of  daily  (excepting  Sundays)  bac- 
al  analyses  of  the  effluent  will  be  found  in  the  following  table  :  — 
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FILTRATION  OF  WATER. 


Monlhiy  Averages  of  Analyse  of  Effi^e^U  of  Filler  No 

42. 
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This  continuous  filter  waa  started  Oct.  29,  1892,  and  containc 
10  inches  in  depth  of  aand  of  an  effective  size  of  0.20  millimete 
The  history  of  the  filter  up  to  Dec.  11,  1894,  has  been  published 
previous  reports  of  the  Board.     Its  history  during  1895  contaii 
the  following  points :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in  ope 
ation.  On  May  1, 1895,  with  onlyabout  7  inches  of  fine  sand,  afti 
having  been  filled  slowly  from  below  with  city  (filtered)  water,  fi 
tratioQ  of  canal  water  at  a  prescribed  rate  of  5,000,000  gallons  p' 
acre  daily  was  begun.  A  short  trap  attached  to  the  outlet  prevent* 
air  from  entering  the  filter  at  that  point.  Owing  to  low  water  in  tl 
canal  the  gate  at  the  outlet  remained  closed  and  the  surface  of  the  sar 
covered  with  water  on  June  8,  July  6, 13,  August  3,  and  Septemb 
22  and  28,  for  periods  varying  from  thirty-three  to  thirty-nine  hour 
The  filter  was  scraped  to  remove  clogging  as  follows  :  May  11,  O.i 
inch  of  sand  was  removed;  May  17,0.21  inch;  May  23,  0.32  inc^ 
May  29,  0.29  inch;  June  3,  0.30  inch;  June  21,  0.30  inch;  Jui 

24,  0.27  inch;  June  27,  0.21  inch;  June  29,  0.34  inch;  July  \ 
0.27  inch;  July  9,  0.29  inch;  July  13,  0.24  inch;  July  22,  OA 
inch ;  July  26, 0.32  inch  ;  July  30,  0.24  inch ;  August  2,  0.30  incl 
August  7,  0.24  inch  ;  August  13,  0.24  inch  ;  August  21, 1.36  inchet 
August  26,0.30  inch;  August  31,0.26  inch;  September  7,  O.S 
inch ;  September  13, 0.28  inch  ;  September  18, 0.24  inch  ;  Septembi 

25,  0.24  inch;  October  1,  0.17  inchj  October  11,  0.24  inch;  Octob« 
15,0.20  inch;  October  19,  0.30  inch;  October  26,  0.26  incb 
November  1,  0.30  inch;  and  November  11,  0.32  inch.  The  surfat 
was  not  raked  after  scraping  and  the  filter  was  usually  filled  wit 
canal  water  from  above ;  but  on  October  1  city  water  was  applie 
from  below. 


34.] 


FILTRATION  OF  WATER. 


Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  42. 

[PartaperlOO.OUO.] 
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Filler  JVo.  45. 
rhis  contiDuous  filter  was  started  od  May  30, 1893,  and  contained 

inches  in  depth  of  sand  of  an  effective  size  of  0.26  millimeter, 
e  history  of  the  filter  up  to  Dec.  31,  1894,  has  been  published  in 
avious  reports  of  the  Board.  Its  history  for  1895  contains  the 
lowing  principal  points:  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in 
eration.  On  May  1,  1895,  with  a  depth  of  fine  gand  equal  to  57 
■hea,  and  after  having  been  filled  slowly  from  below  with  city 
Itered)  water,  the  filter  began  to  filter  canal  water  at  a  prescribed 
«  of  5,000,000   gallons  per  acre  daily.     A  short  trap  attached 

the  outlet  prevented  air  from  entering  the  fitter  at  that  point, 
ring  to  low  water  in  the  canal  the  gate  on  the  outlet  remained 
ised  and  the  surface  of  the  sand  covered  with  water  on  June  8, 
ly  6,  13,  August  3,  and  September  22  and  28,  for  periods  vary- 
f  from  twenty-four  to  thirty-nine  hours.  In  order  to  remove 
tgging  the  surface  was  scraped  as  follows:  on  June  19,  0.20  inch 

sand  was  removed  ;  on  June  27,  0.60  inch ;  on  July  29,  0.38 
ih ;  on  August  1 ,  enough  saad  was  removed  to  reduce  the  total 
pth  of  filtering  material  to  36  inches;  on  August  27,  0.53  inch; 

September  9,  0.50  inch  ;  on  September  20,  0.45  inch ;  on  Octo- 
r  3,  0.39  inch;  on  October  16,  0.47  inch;  on  October  25,  0.49 
:h;  on  November  7,  0.42  inch;  oo  November  19,  0.49  inch. 
le  surface  was  not  raked  after  scraping  and  the  filter  was  usu- 
y  filled  with  canal  water  from  above,  but  on  August  1,  October 

and  November  7,  city  (filtered)  water  was  applied  below. 
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Moiithlif  Averages  of  Analyses  of  Effluent  of  Filler  No.  43. 

[r»rt«pBrI««,000.] 
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This  continuous  61ter  was  started  May  20,  1893,  and  contnine 
jO  inches  in  depth  of  sand  of  an  effective  size  of  0.29  millimetei 
rhe  history  of  this  filter  up  to  Dec.  31,  1894,  has  been  published  i 
Drevious  reports  of  the  Board.  Its  history  during  1895  contaii 
,he  following  principal  points :  — 

From  Dec.  1,  1894,  to  April  30, 1895,  the  filter  was  not  operatet 
Dn  May  1,  1895,  with  a  depth  of  sand  equal  to  52  inches,  aflt 
laving  been  filled  slowly  from  below  with  city  water,  filtration  c 
;anal  water  was  begun  at  a  prescribed  rate  of  7,000,000  gallons  pt 
icre  daily.  A  short  trap  attached  to  the  outlet  prevented  air  froi 
entering  at  that  point.  Owing  to  low  water  in  the  canal  the  gate  c 
the  outlet  remained  closed  and  the  surface  of  the  sand  covered  wit 
rrater  on  May  5,  18,  June  8,  July  6,  13,  and  August  3,  for  periot 
varying  from  seven  to  thirty-nine  hours.  In  order  to  remoi 
:logging,  the  surface  was  scraped  as  follows  :  May  25,  0.40  inch  o 
iand  was  removed;  June  12,  0.31  inch;  June  29,  0.48  inch;  Jur 
22,  0.22  inch;  July  5,  1.06  inches;  July  16,  0.36  inch;  July  2! 
3.26  inch  :  July  26,  0.44  inch ;  July  31,  0.34  inch ;  on  August  : 
snough  sand  was  removed  to  reduce  the  depth  of  filtering  materi 
to  36  inches;  on  August  21,  0.40  inch;  on  August  28,  0.45  incl 
Ihe  surface  was  not  raked  after  scraping  and  the  filter  was  filU 
usually  with  canal  water  from  above,  but  on  July  31  city  (filteret 
water  was  applied  below  until  the  surface  of  the  sand  was  coven 
with  water  before  canal  water  n'as  applied. 
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FILTRATION  OF  WATER. 


lioTUhly  Averages  of  Analyses  of  Effluent  of  Filler  No.  44 
[P.n.iwrigo.000.] 
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J-ater  JVo.  46. 

This  intermitteDt  filter  was  started  Jaly  10,  1893,  SDd  coDtained 
)  inches  Id  depth  of  sand  of  an  effective  size  of  0.23  millimeter, 
he  history  of  this  filter  ap  to  Dec.  31,  1894,  has  beeo  published  in 
"evious  reports  of  the  Board.  Its  history  daring  1895  contains 
le  following  principal  points :  — 

From  Dec.  1 ,  1894,  to  April  30,  1895,  the  filter  was  not  in  opera- 
90.  On  May  1, 1895,  withadeptbof  sand  of  57  iacfaes,  after  having 
sen  filled  with  city  (filtered)  water  from  below,  the  filter  began 
I  filter  canal  water  at  a  prescribed  rate  of  5,000,000  gallons  per 
ire  daily.  The  period  of  intermittent  operation  was  arranged  in 
ich  a  manner  that  the  surfiue  of  the  sand  remained  nncovered  for 
ro  hoars  during  the  day,  excepting  on  Sundays,  when  the  filter  ran 
mtinuously.  A  trap  attached  to  the  outlet  prevented  air  from 
itering  at  that  point.  On  May  25  a  stoppage  in  the  pipe  cut  off 
le  applied  water,  and  the  surface  remained  uncovered  for  twenty- 
iven  hours.  Owing  to  low  water  in  the  canal  the  gate  on  the  oal^ 
t  remained  closed  and  the  surface  of  the  aand  covered  with  water 
1  the  following  dates :  May  5,  June  8,  July  6,  13,  August  3,  Sep- 
imber  22  and  28,  for  periods  varying  from  twenty-four  to  thirty- 
Ine  hours.  In  order  to  remove  clogging  the  surface  was  scraped 
I  follows :  on  May  29,  0.36  inch  of  sand  was  removed ;  June  14, 
.42  inch;  June  25,0.52  inch;  July  5,0.46  inch;  July  22,  0.36 
ich  ;  July  29,  0.32  inch  ;  on  August  1,  enough  sand  was  removed 
>  reduce  the  filtering  material  to  36  inches ;  August  30,  0.60  inch ; 
sptember  20,  0.60  inch;  October  15,  0.54  inch;  November  1, 
,42  inch;  November  19,  0.44  inch.  The  surface  was  not  raked 
iter  scraping,  and  the  filter  was  filled  immediately  with  canal  water 
cm  above. 


No.  34.] 


FILTRATION  OF  WATER. 


Monthly  Averages  of  Analyses  of  Effluent  of  FOter  Nt 
IPul*  pet  100.000.] 

.45. 

QuntllT 
pwAcre 

TmriUTCBE. 

1 

A.,=„. 

.IT 

M 

.80 

.28 

.20 



»'"" 

I 

ll 
1* 

51 

IMS. 

tf 

1 

1 

ll 

1 

1 

P^ 

M.,..       .       . 
Joir,       .     . 

Anpi.1.     .       . 
OalolMr,    .       . 

4,B«I.D0a 

4.M0,0W 
4.1«,000 
iJWO.000 
AfiKfM 

re 

N 
U 

.31 

.00« 
.DDM 

.Mas 

.0004 

.Mil 

.0«1 
.0088 

.00811 

.OlM 

.0132 

.0170 

.0130 

.03S0 

.0210 
.0210 

.0000 

.0000 
.0000 

.0000 

.0000 

.M 

.24 

.in 

4J 

82 

M 

SO 

M 

MT 

This  contiauous  filter  was  started  on  Aug.  21,  1893,  atid  con- 
tained 12  inches  in  depth  of  sand  of  an  effective  size  of  0.29  milli- 
meter. The  history  of  the  filter  up  to  Dec.  31 ,  1894i  has  been 
published  in  previous  reports  of  the  Board.  Its  history  during 
1895  contains  the  following  principal  points:  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  operated. 
On  May  1,  with  a  depth  of  sand  of  10  inches,  afler  having  been 
filled  slowly  with  city  water  from  below,  canal  water  was  applied 
continuously  at  a  prescribed  rate  of  5,000,000  gallons  per  .acre 
daily.  A  trap  attached  to  the  outlet  prevented  air  from  entering 
at  that  point.  Owing  to  low  water  in  the  canal  the  gates  on  the 
outlet  remained  closed  and  the  surface  of  the  sand  covered  -with 
water  on  the  following  dates:  June  S,  July  6,  13,  and  August  3, 
for  periods  varying  from  thirty-three  to  thirty-nine  liours.  In  order 
to  remove  clogging  the  surface  was  scraped  as  follows  :  on  May  23, 
0.57  inch  of  sand  was  removed ;  on  June  4,  0.48  inch ;  on  June  17, 
0.32  inch ;  on  June  22,  0.38  inch ;  on  June  26,  0.43  Inch  ;  On  July 
2,  0.39  inch;  on  July  10,  0.35  inch;  on  July  20,  0.47  inch;  on 
July  26,  0.35  inch;  on  July  31,  0.35  inch;  on  August  6,  0.35 
inch  ;  on  August  13,  0.41  inch  ;  on  August  21,  0.38  inch ;  on  Aug- 
ust 29,  0.49  inch.  After  scraping,  the  filter  was  not  rabed,  but 
canal  water  was  applied  immediately  from  above.  A  record  of 
daily  (excepting  Sundays  and  on  a  few  other  occasions)  bacteria 
analyses  will  be  found  in  the  following  table  :  — 
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i!'t7ter  JTo.  47. 

This  intermitteat  filter  was  started  Sept.  9,  1893,  and  contained 
60  inchee  in  depth  of  sand  of  an  effective  size  of  0.29  millimeter. 
Its  history  up  to  Dec.  31,  1694,  has  been  published  in  previous  re- 
ports of  the  Board.  The  history  of  the  filter  during  1895  contains 
the  following  principal  points :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filter  was  not  in 
operation.  On  May  1,  1895,  with  a  depth  of  sand  of  51  inches, 
after  having  been  filled  slowly  from  below  with  city  water,  filtra- 
tion of  canal  water  was  begun  at  a  rat«  of  7,000,000  gallons  per 
acre  daily.  The  period  of  intermittent  operation  was  arranged 
in  such  a  manner  that  the  surface  remained  uncovered  for  two 
hours  during  the  day.  A  trap  attached  to  the  outlet  of  the 
filter  prevented  air  from  entering  at  that  point.  Owing  to  low 
water  in  the  canal  the  gate  00  the  outlet  remained  closed  on  the 
following  dates :  June  8,  July  6,  13  and  August  3,  for  periods 
varying  from  thirty-three  to  thirty-nine  hours.  In  order  to  re- 
move clogging  the  sur&ce  was  scraped  as  follows:  on  May  17, 
0.30  inch  of  sand  was  removed;  on  May  30,  0.45  inch;  June  8, 
0.35  inch;  June  19,  0.30  inch;  June  21,  0.44  inch;  June  25, 
0.37  inch;  on  June  29,  0.32  inch;  July  3,  0.31  inch;  July  6, 
0.30  inch;  July  11,  0.28  inch;  July  17,  0.29  inch;  July  24,  0.37 
inch;  July  27,  0.24  inch;  on  August  1  the  filtering  material  was 
reduced  to  36  inches  in  depth ;  August  16,  0.34  inch  ;  August  27, 
0.48  inch.  After  scraping,  the  surface  was  not  raked,  but  canal 
water  was  applied  immediately  from  above.     On  July  29  the  filter 
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Miter  Jfo.  48. 
This  coDtiouoas  filter  was  started  Sept.  9,  1893,  and  contained  60 
::hes  in  depth  of  sand  of  an  effective  size  of  0.38  millimeter.  The 
itory  of  this  filter  up  to  Dec,  31,  1894,  has  been  published  in  pre- 
9UB  repoits  of  the  Board.  Its  history  during  1895  contains  the 
llowing  principal  points :  — 

From  Dec.  1,  1894,  to  May  15,  1895,  the  filter  was  not  in  operar 
>n.  On  May  16, 1695,  it  was  filled  slowly  with  city  water  from  be- 
n.  On  May  17,  with  a  depth  of  sand  equal  to  51  inches,  it  began 
filter  city  (filtered)  water  continuously  at  a  rate  of  5,000,000  gal- 
iB  per  acre  daily.  On  June  17  the  city  water  was  shut  off  and 
Dal  water  applied  from  that  date  until  November  23,  when  the  canal 
Lter  was  shut  off  and  city  (filtered)  water  again  applied  for  one  week, 
trap  attached  to  the  outlet  prevented  air  from  entering  the  filter 
that  point.  Owing  to  low  water  in  the  canal  the  gate  on  the  outlet 
nained  closed,  and  the  surface  of  the  sand  covered  with  water  on 
i  following  dates:  June  8,  July  6,  13,  August  3,  September  22 
d  28,  for  periods  varying  from  twenty-four  to  forty  hours.  la 
ier  to  remove  clogging  the  surface  of  the  sand  was  scraped  as 
lows :  July  17,  0.57  inch  of  sand  was  removed ;  August  9,  0.38 
;h ;  August  21,  0,40  inch ;  September  4, 0.45  inch ;  September  16, 
}9  inch;  September  28,  0.40  inch;  October  15,0.44  inch;  Oc- 
y&e  30,  0.68  inch  ;  November  13,  0.37  inch ;  November  19,  0.26 
ih.  After  scraping,  the  surface  was  not  raked,  and  canal  water 
8  applied  at  the  top  immediately.  November  13  the  surface  was 
g  over  6  inches  deep,  after  scraping,  and  on  November  19,  city 
Itered)  water  was  applied  slowly  from  below  until  the  surface  of 
3  sand  was  covered  with  water. 
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This  coQtinuoas  filter  was  started  Sept.  9,  1893,  and  contained  60 
cbes  in  depth  of  sand  of  an  effective  size  of  0.38  millimeter.  The 
atory  of  the  filter  up  to  Dec.  31,  1894,  has  been  publiahed  in  pre- 
Dus  reports  of  the  Board,  Its  history  during  1895  contains  the 
llowing  principal  points :  — 

From  Dec.  1,  1894,  to  May  15,  1895,  the  filter  waa  not  in  opera- 
m.  On  May  16,  1895,  it  was  filled  slowly  from  below  with  city 
lltered)  water  and  allowed  to  stand  over  night.  On  May  17,  with 
'  inches  in  depth  of  sand  it  began  to  filter  city  (filtered)  water 
ntiauonsly  at  a  rate  of  10,000,000  gallons  per  acre  daily.     June 

the  city  water  was  shut  off  and  canal  water  applied  regularly 
itjl  November  33,  when  the  city  water  was  turned  on  again  for 
le  week.  A  short  trap  attached  to  the  outlet  prevented  air  from 
tering  at  this  point.  The  surface  of  the  sand  became  uncovered 
I  May  21,  therefore  the  filter  was  filled  from  above,  the  gates 
>sed  and  the  filter  allowed  to  rest  for  fourteen  hours.     On  account 

low  water  in  the  canal  the  gate  on  the  outlet  remained  closed  and 
e  surface  of  the  sand  covered  with  water  on  the  following  dates  : 
ine  8,  July  6,  13,  August  3,  September  22  and  38,  for  periods 
rying  from  twenty-four  to  forty  hours.  In  order  to  remove  clog- 
Dg  the  surface  of  the  filter  was  scraped  as  follows:  on  June  30, 
15  inch  of  sand  waa  removed;  July  13,  0.52  inch;  July  23, 
44  inch;  July  27,  0.38  inch;  July  30,  0.41  inch;  August  3, 
47  inch;  August  9,  0.54  inch;  August  14,  0.39  inch;  August 
,  0.34  inch;  August  33,  0.37  inch;  September  5,  0.44  inch; 
iptember  9,  0.47  inch;    September  12,  0.68  inch;    September 
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Filter  JTo.  50. 
rbis  coatinuoaa  filter  was  started  July  23, 1894,  and  contained  fiO 
bee  io  depth  of  sand  of  an  effective  size  of  0.18  millimeter.  The 
tory  of  the  filter  up  to  Dec.  31,  1894,  has  been  published  in  pre- 
us  reports  of  the  Board.  Its  history  during  1895  contains  the 
lowing  principal  points :  — 

From  Dec.  1,  1894,  to  April  30,  1895,  the  filt«r  was  not  in 
'ration.  On  May  1, 1895,  with  a  depth  of  58  inches,  after  having 
in  filled  slowly  from  below  with  city  water,  this  filter  began  to 
er  canal  water  continuously  at  a  prescribed  rate  of  5,000,000  gal- 
s  per  acre  daily.  A  trap  attached  to  the  outlet  of  the  filter  pre- 
ited  air  from  entering  at  that  point.  Owing  to  a  stoppage  in  the 
d-pipe  on  May  25,  the  surface  of  the  sand  became  uncovered,  and 

filter  was  not  in  operation  for  twenty-six  hours.  On  account 
low  water  in  the  canal  the  gate  on  the  outlet  was  closed,  though 

surface  remained  covered  with  water,  on  the  following  dates : 
le  8,  July  6, 13,  August  3,  September  23  and  28,  for  periods  vary- 
;  from  twenty-four  to  thirty-nine  hours.  In  order  to  remove 
gging  the  surface  of  the  sand  was  scraped  as  follows :  on  June 

0.41  inch  of  sand  was  removed;  on  July  18,  0.47  inch;  July 

0.47  inch;  August  21,0.63  inch;  on  August  31  enough  sand 
}  removed  to  reduce  the  depth  of  filtering  material  to  36  inches ; 
tober  15,  0.42  inch;  November  7,  0.70  inch.     After  scraping, 

filter  was  not  raked,  and  canal  water  was  applied  above,  except 
October  15,  wbon  the  filter  was  filled  slowly  with  city  water  from 
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Monthly  Averages  of  Analytea  of  Sffluenl  of  FiUer  No.  60 
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.fitter  JVo.  62. 

This  continuous  filter  was  started  Sept.  2,  1895,  and  contained  48 
inches  in  depth  of  sand  of  an  effective  size  of  0.40  millimeter.  The 
history  of  this  filter  during  1895  contains  the  following  principal 
points :  — 

The  sand  for  this  filter  was  obtained  from  the  beach  at  Plum 
Island  on  the  sea  coast  20  miles  from  Lawrence.  Canal  water  was 
applied  slowlj  from  above  until  it  covered  the  surface  of  the  sand. 
The  filter  then  stood  full  of  water  for  forty-eight  hours,  and  started, 
on  September  2,  to  filter  canal  water  continuously  at  a  prescribed 
rate  of  5,000,000  gallons  per  acre  daily.  A  trap  attached  to  the 
oatlet  prevented  air  from  entering  at  this  point.  Owing  to  low  water 
in  the  canal  the  gate  on  the  outlet  remained  closed  and  the  surface 
of  the  sand  covered  with  water  on  September  22  and  28  for  twenty- 
four  and  thirty-three  hours,  respectively.  In  order  to  remove  clog- 
ging the  surface  of  the  sand  was  scraped  as  follows :  on  October  2, 
0.30  inch  of  sand  was  removed  ;  October  24,  0.50  inch  ;  November 
9,  0.47  inch;  and  on  November  19,  0.41  inch.  After  scraping,  the 
surface  was  not  raked.  On  October  2  and  24  the  filter  was  filled 
slowly  from  below  with  city  water,  but  on  November  9  and  19  canal 
water  was  applied  above,  immediately  after  scraping. 

On  September  19  the  rate  was  fluctuated  by  closing  the  valve  on 
the  outlet  for  one  minute  and  then  opening  the  valve  suddenly  to 
the  usual  point.     On  October  19  the  rate  was  fluctuated  by  throw- 
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Filler  JVo.  fiJ. 

This  continuous  filter  was  started  Sept.  2,  1895,  and  contaiDed 
24  inches  in  depth  of  sand  of  an  effective  size  of  0.16  millimeter. 
The  history  of  its  conBtruction  and  operation  during  1895  is  as 
followa :  —  • 

After  removing  the  sand  from  Filter  No.  38,  without  disturbing 
the  under-drains,  2  feet  of  Berkshire  sand  —  a  white,  sharp,  pure 
quartz  sand,  such  as  is  used  in  the  manufacture  of  glass  —  was  put 
into  the  filter  dry.  Canal  water  was  then  applied  from  above  until 
the  surface  of  the  sand  was  covered.  Having  stood  full  of  water 
for  forty-six  hours  the  filter  began,  on  September  2,  to  filter  canal 
water  continuously  at  a  prescribed  rate  of  5,000,000  gallons  per 
acre  daily.  A  trap  attached  to  the  outlet  prevented  air  from  entering 
at  that  point.  Owing  to  low  water  in  the  canal  the  gate  on  the  outlet 
remained  closed,  and  the  surface  of  the  sand  covered  with  water  on 
September  22  and  28,  for  periods  varying  from  twenty-four  to 
thirty-three  hours.  On  September  21  the  filter  drained  until  the 
surface  of  the  sand  almost  became  uncovered.  In  order  to  remove 
clogging  the  surface  of  the  sand  was  scraped  as  follows :  on  Sep- 
tember 12,  0.39  inch  of  sand  was  removed;  on  September  19,  0.32 
inch;  October  2,  0.28  inch;  October  9,  0.26  inch;  October  16, 
0.36  inch;  October  19,  0.34  inch;  October  28,  0.33  inch;  Novem- 
ber 2,  0.28  inch;  November  7,  0.40  inch;  November  16,  0.49 
inch;  November  19,  0.34  inch.  After  scraping,  the  filter  was 
not  raked,  and  canal  water  was  applied  above  immediately,  except 
on  October  9,  when  the  filter  was  filled  slowly  from  below  with 
city  water.  On  Novembei^  9  the  rate  was  fluctuated  by  opening  the 
faucet  for  one  minute,  so  that  the  normal  rate  was  doubled. 
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Filler  J^o.  64. 
This  coDtinuoua  filter  was  started  Sept.  2,  1895,  and  contained  12 
dies  in  depth  of  sand  of  an  effective  size  of  0.16  millimeter.     The 
sthod  of  construction  and  the  history  of  this  filter  during  1895  is 
follows :  —  ' 

After  removing  the  sand  from  Filter  No.  4C,  without  disturbing 
e  under-drains,  1  foot  of  Berkshire  sand  —  similar  to  that  already 
scribed  under  Filter  Ko.  63  — waa  put  into  the  filter  dry.  Cunal 
iter  was  then  applied  from  above  until  the  surface  of  the  sand  was 
vered.  Having  stood  full  of  water  for  forty-six  hours,  the  filter 
gan  to  filter  canal  water  continuously,  on  September  2,  at  a  pre- 
ribed  rate  of  5,000,000  gallons  per  acre  daily.  A  trap  attached  to 
e  outlet  prevented  air  fixim  entering  ut  that  point.  Owing  to  low 
iter  in  the  canal  the  filter  remained  closed  and  the  surface  of  the 
nd covered  with  water,  on  the  following  dates:  September  22  for 
'cnty-four  hours  and  September  28  for  thirty-three  hours.  In 
der  to  remove  clogging  the  surface  of  the  sand  was  scraped  as  fol- 
ws:  on  September  10,  0.26  inch  of  sand  was  removed;  September 
1,  0.30  inch  ;  September  21,  0.28  inch  ;  September  28,  0.35  inch ; 
ctoberS,  0.27  inch;  October  II,  0.26  inch;  Ottober  26,  0.32  inch; 
ctober  17,0.42  inch;  October  21,0.28  inch;  October  26,  0.26 
ch;  November  1,  0.34  inch;  November  5,  0.31  inch;  November 
0.35  inch  ;  November  15,  0.34  inch ;  and  November  19,  0.34  inch, 
fler  scraping,  the  surface  was  not  raked  but  canal  water  applied 
im  above  immediately. 

On  October  29  the  rate  was  fluctuated  by  increasing  it  for  one 
inute  from  5,000,000  to  7,500,000  gallons  per  acre  daily.  On 
jvember  23  the  filter  was  shut  off  for  the  winter,  and  the  gate  on 
e  outlet  left  open  to  allow  the  filter  to  drain. 
A  solution  seeded  with  Bacillus  prodigiostis  was  mixed  with  the 
plied  canal. water  in  the  ratio  of  1  part  to  170,000  parts,  for  ten 
urs  a  day  (excepting  Sundays  and  on  some  other  occasions), 
)m  September  26  to  November  23, 

A  record  of  the  daily  bacterial  analyses  (excepting  on  Sundays 
d  on  certain  other  days)  will  he  found  in  the  following  table :  — 
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Lawrence  City  Fo-teb. 

The  filter  of  the  water  supply  eystem  of  tbe  city  of  LawreDce  is 
2.5  acres  in  area,  was  first  put  in  operation  Sept.  20,  1893,  and 
its  construction  and  action  was  described  in  the  report  of  the  State 
Buard  of  Health  for  that  year.  From  tbe  date  of  starting  this  filter 
up  to  the  present  time  it  has  been  in  continuous  use,  and  not  once 
has  the  unfiltered  river  water  entered  tbe  reserroir  or  tbe  service 
pipes  of  the  city  water  supply. 

Tbe  average  bacterial  efficiency  of  the  filter  for  the  entire  year 
has  always  been  about  99  per  cent.,  but  varies  with  different  seasons, 
being  considerably  greater  in  summer  than  in  winter.  The  most  im- 
portant reason  for  tbe  lower  bacterial  efficiency  in  winter  is  that, 
contrary  to  tbe  advice  of  tbe  designer,  the  filter  remains  uncovered 
and  unprotected  from  tbe  severe  cold  of  the  winters  of  the  climate 
of  Lawrence.  In  consequence  of  this  a  thick  coating  of  ice  forms 
upon  tbe  filter,  and,  to  enable  tbe  surface  of  tbe  filter  to  be  cleaned 
of  clogged  and  dirty  sand,  and  thus  kept  in  operation,  this  layer 
of  ice,  sometimes  approximating  2  feet  in  thickness,  has  to  be 
removed.  Its  removal  is  slowly  accomplished  by  the  city  laborers 
and  tbe  surface  of  the  filter  very  much  disturbed  during  the  process. 
With  the  force  employed  the  removal  of  the  main  body  of  the 
ice  is  so  slowly  accomplished  that  in  order  to  get  a  sufficient  daily 
volume  of  water  through  tbe  filter,  it  is  necessary  to  frequently 
atop  removing  the  thick  ice  and  remove  the  newly  formed  ice  and 
scrape  the  beds  just  previously  scraped.  With  these  conditions 
abnormal  and  unnecessary  results  are  obtained.  That  is  to  say, 
as  a  result  of  this  management,  a  small  portion  of  the  filter  is,  for 
weeks  at  a  time,  filtering  a  very  large  proportion  of  the  water 
pumped.  Tbe  surface  of  tbe  filter  is  divided  by  drains  and  eleva- 
tions of  its  surface  into  thirty-three  sections  or  beds,  and  between 
December  11  and  April  10  the  first  two  beds  (beginning  at  the  end 
of  the  filter  nearest  the  pumping  house)  were  scraped  and  raked 
eight  times,  the  next  eighteen  beds  five  and  one-balf  times  and  tbe 
remaining  thirteen  beds  two  and  one-half  times,  and  these  last  were 
not  scraped  at  all  during  January  and  February. 

This  method  of  operation  is  unfavorable  to  obtaining  efficient 
filtration,  and  if  tbe  filter  remains  uncovered  it  will  be  necessary  to 
remove  tbe  ice  with  sufficient  rapidity  to  clean  all  of  the  beds 
monthly  and  to  avoid  repeated  scraping  of  the  same  beds  and  the 
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FILTRATION  OP  WATER. 


hly  Averages  of  Arialysa  of  the  MerrtTnack  River  Water  at  it  flows  upon  the 
Lawrence  Cily  Filter. 
[Puu  per  100,000.] 


Monthly  Averages  of  Effluent  from  the  Cily  Filler. 

[Part*  pu  100,000.] 
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FILTRATION  OF  WATER. 


Monthly  Averages  of  Anaiysu  of  Water  from  a  Tap  at  the  Lawrence  Experiment 
Station. 
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Daily  Bacterial  Be»tilt»,  Lawrence  Oily  Water. 
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Daily  BacUrial  RetuUs,  Laiorence  City  IFoier  —  CoDdnued. 

[ButstU  par  Cuble  CeDllmaiDr.] 
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Daily  BaeUrial  BesuUs,  Lawrence  CUy  Wa/er  — Conlinued. 
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Monthly  Averages  of  Daily  Bacterial  Results  from  the  Lawrence  City  Water. 
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It  must  be  remembered  that  these  results  and  the  Gnal  avernges 
are  of  the  six  months  of  the  year  when  the  bucterial  efficiency  of  this 
uncovered  filter  ia  lowest. 
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QUANTITATIVE  DETERMINATION  OF  BACTEEIA 

IN  Sewage  and  Waters. 


Bj  GeoROS  W.  Fuller  and  Willl&u  K.  Copeland. 


METHODS  EMPLOYED  AT  THE  LAWRENCE  EXPERIMENT 

STATION  FOR  THE  QUANTITATIVE  DETERMINATION 

OF  BACTERIA  IN  SEWAGE  AND  WATERS. 


By  Geohok  W.  Fullkr  and  William  R.  Copelakd. 


Id  this  paper  it  ie  proposed  to  record  briefly  the  methods  which 
have  been  employed  recently  in  the  determination  of  the  number  of 
bacteria  in  aewage  and  waters.  It  is  also  desired  to  point  out  cer- 
tain modifications  which  have  been  made  since  the  methods  were 
originally  described  in  the  report  of  the  State  Board  of  Health  upon 
the  purification  of  sewage  and  water  (1),  and  further,  to  present  the 
evidence  on  which  the  more  important  changes  were  based. 

The  principal  topics  treated  iu  this  paper  are  noted  in  the  follow- 
ing outline :  — 

1.  CollectioQ  and  storage  of  samples. 

2.  Preparation  of  culture  media. 

3.  Sterilization  and  storage  of  culture  media. 

4.  Technique  of  plating. 

5.  Technique  of  counting  colonies  of  bacteria  on  plates. 

6.  Effect  of  length  of  period  of  cultivation  and  of  temperature  at 
which  cultivatioQ  takes  place. 

7.  Comparison  of  the  relative  values  of  gelatine  and  glycerine 
agar  for  quantitative  bacterial  work. 

8.  Koll  cultures  in  four  liter  bottles. 

Collection  and  Storage  of  Samples, 
The  samples  of  sewage,  etc.,  for  bacterial  analysis  are  collected 
in  mushroom  ground-glass  stoppered  bottles  of  a  capacity  of  about 
one  ounce.  Special  care  has  been  taken  to  procure  a  glass  stopper 
with  a  mushroom  top  rising  about  half  an  inch  from  the  top  of  the 
bottle.  This  form  of  stopper  protects  the  mouth  of  the  bottle  from 
becoming  contaminated   by  the  fingers  in  removing  the  eterilized 
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usioas  were  filtered  while  cold.  This  treatment  removed  nimost 
of  the  fat  globules,  while  the  filtrute  contained  the  various  other 
bstances  extracted  from  the  meat.  From  July,  1892,  to  January, 
94,  meat  infusiooa  were  made  by  allowing  one  pound  (about  four 
ndred  and  fifty  grams)  of  finely  chopped  lean  meat  to  digest  in 
e  liter  of  warm  tap  water  for  two  hours ;  they  were  then  heated 
'  thirty  minutes  in  a  bath  of  boiling  water,  boiled  for  ten  minutes 
er  a  free  flame,  and  filtered,  while  hot,  to  remove  the  particles  of 
iat,  fat  and  coagulated  albumen.  In  January,  1894,  it  was  de- 
led to  return  to  the  original  method  of  digesting  the  meat  in  cold 
iter  for  the  reasons  which  will  appear  beyond. 
Until  Dec.  15,  1894,  Witte'a  peptone  was  used.  Since  Dec.  15, 
94,  Merck's  "  Peptonum  Siccum  "  has  been  used  instead  of  Witte's. 
le  leaf  gelatine  used  is  made  by  Comte  Fils,  and  labelled  "  Best 
each  Brand."  Agar  free  from  acid  has  been  used,  and  the 
rcerine  has  been  twice  distilled.  The  powdered  glucose  used  is  a 
^h-grade  commercial  product.  Common  table  salt  has  been  used 
the  proportion  described  in  the  original  formula  of  Koch,  ap- 
rently  with  the  view  to  aid  in  dissolving  ingredients  of  nutrient 
Iture  media. 

Nutrient  gelatine  is  prepared  by  adding  to  one  liter  of  meat  in- 
don  one  per  cent,  by  weight  of  peptone,  one-half  of  one  per  cent, 
salt  and  ten  per  cent,  of  gelatine.  After  weighing  the  dish  con- 
ning these  substances  it  is  placed  in  a  bath  of  boiling  water  and 
rred  constantly  for  ten  minutes.  By  this  time  the  gelatine  and 
ptone  are  dissolved,  and,  after  replacing  the  water  which  has 
aporatcd  aa  shown  by  loss  in  weight,  five  cubic  centimeters  of 
3  solution  are  placed  in  a  porcelain  evaporating  dish  containing  fifty 
bic  centimeters  of  distilled  water.  It  has  been  the  custom  to  boil 
is  solution  for  three  minutes  over  a  free  flame  in  order  to  expel  car- 
n  dioxide  and  free  ammonia  which  may  have  been  present.  These 
ses,  otherwise,  would  interfere  with  the  accuracy  of  the  titration 
tb  phenol phthalein,  which  is  used  as  an  indicator  in  the  determi- 
tion  of  the  acidity  of  the  solution.  After  boiling  for  three 
nutes,  one  cubic  centimeter  of  phenol  phthalein  (five  grams  of 
wder  in  one  liter  of  fifty  per  cent,  alcohol)  is  added,  and  while 
e  solution  is  still  hot,  enough  twentieth  normal  caustic  soda  added 
)m  a  burette  to  produce  a  slight  pink  color.  By  this  method  it  is 
ssible  to  determine  accurately  the  acidity  of  the  solution  (2). 
Experience  bas  shown  that  the  acidity  of  gelatine  solutions  is  so 
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great  at  this  poiot  that  it  is  aece»sary  to  add  from  fi 
seventy  cubic  centimeters  of  normal  caustic  soda  soluti 
liter  of  gelatine  in  order  to  neutralize  the  acid  present,  wh 
phthalein  is  used  as  an  indicator.  It  should  be  noted  be 
scale  adopted  at  the  Lawrence  Experiment  Station  ia  hai 
number  of  cubic  centimeters  of  normal  caustic  soda  whic 
added  to  one  liter  of  solution  to  produce  a  neutral  rea 
phenolphthalein. 

The  amount  of  acid  found  in  the  solution  varies  with 
position  of  the  meat  infusion,  peptone  and  gelatine  ctnpio 

When  the  degree  of  acidity  has  been  determined  enou 
caustic  soda  is  added  to  the  solution  to  reduce  the  aci< 
entire  volume  to  a  point  which  is  slightly  alkaline  to  b 
paper  if  Schultz's  method  is  to  be  employed  in  the  prep 
gelatine,  or  slightly  alkaline  to  phenolphthalein  if  Timpi 
is  followed.    These  two  methods  of  procedure  are  describf 

The  advantage  of  allowing  the  meat  to  remain  for  tw. 
in  water  in  an  ice-chest,  and  of  filteriDg  the  meat  infu 
cold,  now  becomes  apparent  because  the  albumens  left  in 
infusion  serve  as  a  coagulant  in  place  of  egg  albumen,  ' 
lowing  the  practice  described  in  text  books,  is  customarilj 
this  time  to  replace  the  albumens  precipitated  and  rem 
the  solution  by  filtration  if  the  infusion  is  extracted  wi 
water. 

When  the  alkali  has  been  mixed  thoroughly  with  the  sc 
dish  is  placed  in  a  bath  of  boiling  water  for  twenty  miout 
this  the  dish  is  removed  from  the  water  bath  and  set  o 
flame  for  Ave  minutes  with  constant  stirring;  by  this  tres 
solution  is  brought  to  a  boil  for  two  minutes,  to  aid  in 
clear.  After  adding  enough  boiling  water  to  replace 
which  has  evaporated,  five  cubic  centimeters  of  the  sc 
again  titrated  as  described  above.  The  degree  of  reactic 
slightly  during  the  process  of  heating.  Owing  to  change 
of  the  ingredients  the  solution  becomes  a  little  more  a 
three  to  five  cubic  centimeters  of  normal  acid  per  one  lit 
next  stop  in  the  process  is  to  filter  the  solution  rapidi 
coarse  flannel  and  absorbent  cotton.  To  the  filtrate  it  ts 
to  add  enough  normal  acid  or  alkali  to  produce  the  requir 
of  reaction.  The  gelatine  is  then  placed  in  sterilized 
(five  cubic  centimeters  in  each  tube)  and  the  tubes  plunge 
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into  cold  water  UDtil  the  geliitine  has  solidified.  These  tubes  are 
then  sterilized  in  an  Arnold  steam  sterilizer  for  thirty  miDuteti  on 
each  of  three  consecutive  days,  or  in  an  autoclave  at  a  pressure  of 
one  atmosphere  for  from  five  to  seven  minutes. 

Nutrient  agar  is  prepared  by  adding  to  one  liter  of  meat  infusion, 
peptone  and  salt  as  in  the  preparation  of  gelatine,  and  one  and 
three-tenths  per  cent,  by  weight  of  finely  chopped  agar.  The  re- 
maining steps  in  its  preparation  are  similar  to  those  already  described 
for  gelatine,  except  that  it  is  the  custom  to  boil  agar  slowly  for  one 
hour  over  a  free  flame.  To  assist  the  process  of  dissolving  the 
agar,  five  hundred  cubic  centimeters  of  water  are  added  to  the 
original  volume  of  one  liter  before  heat  is  applied. 

Agar  itself  has  been  found  to  be  neutral  to  phenol  phtalein,  there- 
fore, the  reaction  of  the  solution  is  much  lower  at  this  point  than  a 
solution  of  gelatine  would  have  been.  The  total  acidity  of  the  solu- 
tion at  this  point  ranges  from  thirty-five  to  forty-five  cubic  centi- 
meters of  normal  acid  per  liter. 

After  titration  and  addition  of  normal  alkali  the  agar  is  placed 
over  a  free  flame  and  boiled  slowly  for  two  hours.  In  order  to  keep 
conditions  of  temperature  and  volume  as  nearly  constant  as  possible 
during  this  process,  boiling  water  is  added  from  time  to  time  to 
replace  the  water  which  has  evaporated.  When  the  agar  has  been 
heated  for  two  hours  and  has  been  restored  to  its  original  volume  it 
is  filtered  and  titrated.  The  reaction  of  the  medium  changes  very 
little  during  this  process  of  heating.  To  the  filtrate  six  per  cent,  by 
weight  of  twice-distilled  glycerine  is  added,  the  solution  titrated 
and  enough  normal  acid  or  alkali  put  in  to  produce  the  required 
reaction.  The  solution  is  then  tubed  and  placed  iu  cold  water.  As 
agar  does  not  lose  its  power  to  solidify  even  though  heated  for  a 
long  period  of  time,  it  has  been  the  custom  to  sterilize  it  in  the 
Arnold  steam  sterilizer  for  one  hour  on  each  of  three  consecutive 
days.  Since  June,  1895,  it  has  been  the  custom  to  sterilize  it  in 
an  autoclave  for  fil'teen  minutes  at  a  pressure  of  one  atmosphere. 

As  noted  above,  both  Wilte's  and  Merck's  peptones  have  been 
□sed  in  these  investigations,  and  Merck's  has  been  employed  during 
the  present  year.  Experiments  have  shi)wn  that  the  composition  of 
peptones  iofiuences  somewhat  the  bacterial  results,  as  has  been  de- 
scribed in  an  article  publir.hed  elsewhere  (2)  (8). 

The  present  supply  of  Merck's  peptone  is  found  to  be  very  satis- 
factory. 


)ARD   OF  HEALTH.         [F 

leu  made  to  Schultz's  (3)  and 
cbultz'a  method  affords  a  more 
iDally  described  by  Koch  of  can 
las  been  followed  almost  from  t 
it  culture  media.  la  brief,  tbi 
normal  alkali  to  an  acid  aolm 
the  acidity  before  heating  to  tl 
aiD  in  the  nutrient  medium  foi 
<ts  of  adding  enough  normal 
heating  to  the  neutral  point 
indicator)  and  the  addition  ul 
or  alkali  to  the  filtrate  to  pro 

iar  1891  the  method  ordinarily  ^ 
From  July  1,  1891,  to  Jan. 
t  this  laboratory,  but  it  was  thei 
i  because  it  appeared  that  by  m: 
fore  cooking,  the  chemical  chanj 
under  conditions  which  are  mo: 
s  laboratory  indicates  that  tbe 
lined  more  easily  and  more  accu 
[)f  cubic  centimeters  of  norma 
ulture  medium,  as  described  in 
le  acidity  to  the  required  degree 
Schultz's  method,  because  in  I 
bange  during  tbe  subsequent  p 

d  be  noted  that  the  degree  of  res 
elopment  of  the  number  of  col 
ie  finds  that  (5)  for  Toronto  tai 
phenolphthnlein  is  most  favorab 
:rient  gelatine  with  reaction  whi 
le  was  favorable.  This  matter 
cle  published  elsewhere,  but  in 
ncc  of  this  subject  the  followin; 
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Table  showing  a  ComparUon  of  RepreKntativt  BesuUs  of  lAe  Quantitative  Deter- 
miTiation  of  Bacteria  in  Lawrence  Sewage,  Merrimack  Biver  Water  and 
Lawrence  CUy  {Filtered)  Water  on  Oelatine  of  Different  Degrees  of  Beaetion, 
but  wUh  other  Conditions  the  same. 
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Following  the  custom  practised  id  this  laboratory  the  reactioD  of 
a  solutioD  which  contaiDa  twenty  cubic  ceotimeters  of  normal  acid 
in  one  liter  ia  known  as  reaction  No.  20.  In  connection  with  the 
preceding  table  it  should  bo  noted  that  reactions  Noa.  18  to  20  were 
used  in  the  laboratory  from  1891  to  1895,  The  exact  degree  of 
reaction  was  determined  at  that  time  by  titrating  one  cubic  centi- 
meter of  the  solution  in  five  cubic  centimeters  of  water.  Since 
January,  1895,  reactions  Nos.  15  to  18  have  been  used;  and  the 
reaction  has'been  determined  by  titrating  five  cubic  centimeters  of 
the  solution  in  fifty  of  water,  as  already  described. 

As  a  result  of  these  c^cperiments  it  may  be  said  that  reactions  Noa. 
13  to  20  have  been  found  to  produce  the  development  of  the  maxi- 
mum number  of  bacteria. 

The  evidence  at  hand  shows  that  the  degree  of  reaction  which  is 
most  favorable  for  bacterial  growth  varies  somewhat  with  different 
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dish.     As  tbe  solution  enters  the  dish  it  is  spread  uniformly  over 
the  surface  and  allowed  to  solidify. 

The  previous  shaking  and  mixing  in  the  tube  divides  the  bacteria 
from  one  another,  and,  as  they  lie  scattered  in  the  film  over  the 
surface  of  the  plate,  they  are  kept  separate  by  the  gelatinization  of 
the  medium.  Under  these  favorable  conditions  each  cell  multiplies 
by  fission  and  forms  an  independent  colony. 

Technique  of  Counting  Colonies  of  Bacteria  on  Plates. 

Since  each  bacterium  is  supposed  to  be  in  isolation,  and  in  a  posi- 
tion where  it  may  multiply  by  cell  division  until  a  colony  is  formed, 
the  actual  number  of  individual  bacteria  which  existed  in  one  cubic 
centimeter  of  the  original  sample  of  water  may  lie  determined  by  count- 
ing these  colonies.  To  facilitate  the  process  of  counting  it  is  neces- 
sary to  use  special  care  in  spreading  the  liquid  medium  in  order 
to  obtain  a  film  as  nearly  uniform  in  thickness  as  possible  over  the 
whole  surface  of  the  plate.  When  so  prepared  it  is  possible  to 
count  accurately  each  colony  on  a  plate  containing  eight  hundred 
colonies,  by  the  aid  of  a  hand  lens  und  a  glass  plate  ruled  with  two 
sets  of  lines,  forming  squares  one  square  centimeter  in  area  (Wolfi*- 
hUgel's  apparatus). 

As  the  number  of  colonies  increases  to  three  thousand,  other 
methods  are  employed,  such  as  counting  a  diametrical  section  of  tbe 
plate  one  centimeter  in  width.  If  the  colonies  on  a  plate  amount  to 
ten  thousand  or  more  it  is  customary  to  count  only  those  bacteria 
which  lie  in  three  or  more  areas  one  centimeter  square;  these  areas 
must  be  chosen  with  care  so  as  to  represent  an  average  of  the  thick, 
medium  and  thin  portions  of  tbe  plate.  As  errors  may  easily  creep 
ID  by  counting  areas  which  are  not  average  examples  of  such  portions 
of  a  plate,  it  is  necessary  that  much  care  be  taken  to  select  represent- 
ative areas. 

It  is  essential  that  the  temperature  of  the  melted  culture  medium 
should  be  kept  below  39°  C.  in  order  to  prevent  bacteria  in  the 
vegetative  state  from  being  killed  by  the  heat  of  the  solution. 
For  the  purpose  of  securing  a  uniform  and  satisfactory  temperature 
when  working  with  agar  it  is  the  custom  to  have  the  melted  agar 
kept  liquid  for  one  hour  before  plating,  in  a  water  bath  maintained 
at  a  temperature  of  39°  C.  by  an  automatic  regulator.  On  the 
other  hand,  the  temperature  of  the  melted  tubes  of  culture  media 
should  not  be  allowed  to  become  so  low  that  the  medium  can- 
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Comparison  of  the  Relative  Value  of  Gelatine  and  Glyce 
for  Quanlitalive  Bacterial   Work. 

Work  at  the  Lawrence  Experiment  Station  often  has  t( 
samples  of  sewage  and  water  which  contain  large  numbt 
teria.  Many  of  these  bacteria  liquefy  gelatine  plates.  Tl 
gelatine  itself  has  been  found  to  melt  if  the  plates  are  allowi 
a  short  time  on  the  laboratory  table  in  hot  weather,  there 
the  value  of  counts  on  gelatine  plates  to  be  much  impairei 
gelatine  did  not  melt  in  cold  weather  it  was  possible  tc 
bacteria  more  accurately,  and  therefore  determinations  m 
ferent  seasons  of  the  year  were  not  as  comparable  f 
Reference  has  already  been  made  to  the  difficulty  expi 
sterilizing  gelatine. 

Glycerine  agar  was  found  as  a  result  of  long  experimi 
medium  which  would  give  a  maximum  number  of  colonies 
sons  of  the  year,  a  medium  in  which  sewage  bacteria  ( 
rapidly  without  being  able  to  liquefy  it,  and  a  medium  v 
be  heated  in  our  autoclave  until  sterile  without  losing  ib 
solidification.  Moreover,  it  was  found  that,  by  careful  r 
of  necessary  precautious,  agar  would  give  results  which 
favorably  with  gelatine  and  often  gave  better  results  than 
summer.  For  these  reasons  it  was  decided  to  substitutt 
agar  for  gelatine  in  a  considerable  portion  of  the  work,  wl 
frequent  control  cultures  with  ordinary  nutrient  gelatine. 

Table  showing  a  Comparison  of  the  Number  of  Bacteria  per  Cubic 
obtained  from  Gelatine  and  Glycerine  Agar. 
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SEWAGE  PUEIFICATION  OF  CITIES  AND  TOWNS  IN 
MASSACHUSETTS. 


In  order  to  learn  the  results  obtained  by  the  systemB  of  sewage 
disposal  in  the  cities  and  towns  in  Massachnsetts  which  have  adopted 
a  method  of  sewage  purification,  the  State  Board  of  Health  since 
1892  has  caused  chemical  analyses  to  be  made  of  sewage  and  effluent 
from  many  of  the  systems  now  in  operation. 

The  results  for  the  year  1892  were  printed  in  connection  with  a 
paper  upon  the  "  Sewage  disposal  of  cities  and  towns  in  Massa- 
setts  by  intermittent  filtration,"  in  the  annual  report  of  the  State 
Board  of  Health  for  that  year,  containing  chemical  analyses  of  the 
sewage  and  effluent  from  the  works  at  the  three  places  described, 
viz.,  Framingham,  Marlborough  and  Gardner.  In  the  annual  re- 
port of  the  Board  for  the  year  1893  there  appeared  a  corresponding 
paper,  in  which  were  given  the  results  of  analyses  of  sewage  and 
effluent  up  to  Jan.  1,  1894,  from  these  three  and  several  additional 
sewage-purification  plants,  together  with  a  brief  description  of  each 
of  the  systems. 

In  the  present  paper  will  be  found  analyses  made  during  the 
years  1894  and  1895  of  the  sewage  and  effluents  from  the  works  at 
Amherst,  Brockton,  Framingham,  Gardner,  Marlborough  and  Med- 
field.  A  short  description  of  the  works  at  each  place  is  given  in 
connection  with  the  analyses,  and  in  some  cases  statements  made  in 
previous  reports  are  repeated. 

The  first  plant  for  the  disposal  of  town  sewage  by  filtration  in 
Massachusetts  was  constructed  at  Lenox  in  1876.  A  system  for 
the  disposal  of  the  sewage  of  a  portion  of  the  town  of  Amherst, 
partly  by  filtration  but  chiefly  by  irrigation,  was  constructed  about 
1881,  and  a  small  system  for  the  disposal  of  sewage  by  intermits 
tent  filtration  was  introduced  at  Medfield  in  1886.  Since  the  last 
date  the  towns  of  Framingham,  Gardner  and  Westborough  and 
the  cities  of  Marlborough  and  Brockton  have  constructed  and  are 
now  operating  works  for  the  disposal  of  sewage  by  intermittent 


il.': 


602  STATE  BOARD  OF  HEALTH.         [] 

filtration,  and  a  new  disposal  field  has  been  constructed 
use  at  Lenox.  At  North  Brookfield  there  is  a  small  ayste 
age  disposal  by  irrigation  and  filtration.  There  are  al 
State  several  large  iastitutioas  which  dispose  of  their  e 
intermittent  filtration. 

The  sewage  of  the  city  of  Worcester  is  treated  with  < 
and  the  method  has  been  fully  described  under  "  Blackstoi 
in  the  chapters  on  the  examination  of  rivers  in  previous  i 
the  Board,  and  on  page  367  of  this  volume.  Analyses  mi 
chemists  at  Worcester,  showing  the  results  obtained  at  tb< 
precipitation  works  there,  have  already  been  given  on  paj 
the  report  for  1894  and  on  page  360  of  the  present  report 

Id  addition  to  the  analyses  given  in  the  following  pa 
have  also  been  collected  hourly  samples  of  sewage,  reprea 
entire  flow  for  twenty-four  hours  in  the  main  sewers  at  Fra 
Gardner,  Marlborough  and  the  Worcester  Lunatic  Asyl 
results  of  chemical  and  bacterial  analyses  of  these  san 
been  presented  and  discussed  in  the  chapter  on  the  com[ 
sewage,  in  the  report  of  the  investigation  upon  the  puri 
sewage  at  the  Lawrence  experiment  station,  on  page  4 
annual  report  for  L894  and  on  page  452  of  this  volume. 


Sewaqe  Disposal  at  Ambbrst. 

The  population  of  the  town  in  1895  was  4,785.  Sewei 
ties  have  been  provided  only  for  portions  of  the  main  v 
the  sewage  is  disposed  of  by  two  systems. 

The  first  system,  begun  in  1881  and  subsequently 
collects  the  sewage  from  about  1,000  persons.  The  ayt 
the  so-called  "separate"  type,  which  provides  for  hou 
only.  The  sewage  flows  to  a  settling  tank  about  a  mile 
of  the  village,  and  thence  through  a  pipe  520  feet  long 
Kiver.  The  settling  tank  into  which  it  dischargee  has 
partments,  each  10  feet  wide,  15  feet  long  and  6  feet 
atructed  of  stone  laid  in  cement.  The  main  sewer,  wl 
inches  in  diameter,  branches  just  before  it  enters  the  tai 
the  sewage  may  be  diverted  into  either  compartment  eepa 
livering  it  at  the  surface  of  the  sewage  in  the  tank,  which 
foot  below  the  top  of  the  tank.  The  sewage  ia  not  scr 
the  mouth  of  the  outlet  pipe  turns  downwards  below   the 
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sewage,  so  that  some  of  the  fioating  matter  is  retained  ia  the 
k.  At  irregular  iDterrals  the  sludge  is  removed  and  mixed  with 
,  to  be  used  as  a  fertilizer  on  the  adjoining  6eldB. 
n  the  annexed  table  are  the  results  of  analyses  of  sewage  before 
1  after  passage  through  the  tank.  It  is  to  be  noted  that  the 
iient  appears  to  represent  sewage  more  dilute  than  that  collected 
n  the  inlet  pipe,  so  that  the  apparent  purification  was  probably 
ater  than  that  which  actually  took  place.  Analyses  are  also 
en  of  Fort  RWer  above  and  below  the  point  of  discharge  of  the 
uent  pipe. 

rhe  second  system,  which  was  began  in  1886,  takes  the  sewage 
u  a  part  of  the  thickly  populated  portion  of  the  town,  north  of 
town  hall,  to  a  settling  tank  and  irrigation  field  half  a  mile  north 
he  village.  A  description  of  this  system,  with  results  of  analyses 
lewage  and  effluent,  was  presented  in  the  annual  report  for  1893, 
analyses  of  the  sewage  or  effluent  have  been  made  since  that  time. 
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Ad  agitator  haa  been  placed  in  the  bottom  of  the  reserroi 
which  sewage  from  the  force  main  is  introduced  under  pn 
by  means  of  which  all  the  solid  matter  which  may  bare  cc 
the  bottom  may  be  thoroughly  mixed  with  the  liquid  port 
sewage  and  thus  conveyed  to  the  pumps.  In  the  early  op 
the  plant  it  was  the  custom  to  start  the  agitator  when  1 
were  started  and  there  was  a  large  body  of  sewage  in  the 
but  by  this  method  the  sludge  was  distributed  through 
Tolume  of  sewage,  and  it  was  found  that  the  beds  soc 
clogged.  At  the  present  time  the  agitator  is  put  in  opei 
before  the  reservoir  is  emptied,  and  consequeDtly  the  entii 
sludge,  mixed  with  a  small  amount  of  sewage.  Is  delivered  i 
at  once.  Except  when  crops  are  being  grown  the  slue 
charged  upon  a  separate  bed,  and  when  thoroughly  dried  i 
is  raked  up  and  burned. 

The  force  main  is  so  constructed  that  for  about  one-qui 
length  the  pipe  slopes  towards  the  beds ;  but  when  the 
Dot  mnuing  there  are  about  250,000  gallons  remaioiug 
of  the  pipe  nearest  the  pumping  station,  which  amount 
there  until  pumping  is  resumed.  When  the  daily  amount 
pumped  is  leas  than  350,000  gallons,  none  of  the  sewag 
into  the  force  main  one  day  reaches  the  filtration  area  unt 
day,  and  consequently  it  has  become  quite  stale  when  it 
to  the  beds. 

The  method  of  operation  has  been  to  apply  about  80,0 
of  sewage  to  one  bed,  and  then  allow  the  filter  to  rest 
before  another  dose  is  applied.  During  times  of  high  f 
sewers  the  size  of  the  dose  is  much  increased,  but  it  it 
there  has  been  no  difficulty  in  disposing  of  all  of  the  sewi 
of  the  23  beds  have  never  been  used. 

During  the  winter  of  1894-95  some  of  the  beds  were  left 
surfaces ;  but  it  was  found  that  in  these  beds  the  surface  fn 
an  extent  that  sewage  could  not  be  disposed  of  upon  ther 
only  beds  which  could  be  used  during  the  cold  weather  i 
which  had  been  furrowed  during  the  preceding  fall.  Acco 
of  the  beds  in  use  during  tbe'winter  of  1895-96  were  fdn 
notwithstanding  the  low  temperature  of  the  sewage  when  i 
the  field,  no  difficulty  was  experienced  from  freezing. 
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The  following  table,  taken  from  the  report  of  the  city  engineer 
of  Brockton  for  1895,  gives  the  average  amount  of  sewage  disposed 
of  and  the  temperature  of  the  sewage  as  it  reaches  the  beds  :  — 
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report  of  the  Board  for  1892,  covers  about  70  acrea,  much  of  which 
18  quite  level.  The  Geld  is  at  an  elevation  of  about  20  feet  above 
Bannister  Brook,  which  Sows  along  its  north-weeterly  border. 

Three  new  filters,  having  an  area  of  4  acres,  were  constructed 
during  the  year  1894,  making  13  beds  with  a  total  area  of  about  16 
acres  which  have  been  specially  prepared  for  sewage.  About  half 
of  this  area  is  under-drained  to  &  limited  extent. 

During  the  sammer  nearly  all  of  the  filter-beds  are  planted  with 
-field  corn  (maize),  and  very  satisfactory  crops  are  obtained.  A 
few  other  crops  were  raised  to  a  small  extent,  some  of  which  have 
been  fairly  satis&ctory.  The  old  beds  upon  which  com  was  grown 
-were  not  disturbed  after  the  last  hoeing  in  the  early  part  of  July, 
and  they  have  been  found  to  give  satisfactory  results  in  cold  weather, 
owing  to  the  arrangement  of  the  surfaces  in  hills  and  furrows,  thus 
enabling  a  covering  of  snow  and  ice  to  rest  on  the  hills,  and  re- 
ducing the  exposure  of  the  material  in  the  furrows  to  frost. 

The  quality  of  the  sewage  and  e£9uent  from  several  different 
places  may  be  seen  by  the  tables  of  analyses  on  the  following  pages. 
The  sewage  is  ordinary  town  sewage,  discolored  and  somewhat 
modified  at  times  by  a  considerable  amount  of  spent  dyes  discharged 
into  the  sewers  from  the  straw-goods  factories  in  the  town. 

For  the  results  of  chemical  and  bacterial  analyses,  showing  the 
variations  at  different  hours  of  the  day  in  composition  of  the  sum- 
mer sewage,  and  measurements  of  its  quantity,  reference  is  made  to 
page  469  of  the  annual  report  for  1894  aud  to  page  456  of  this 
•volume. 
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Under-drain  of  Ihe  Framingkam  FUUr-bedt. 

[Pan*  par  100,000.] 


A..,.U. 

j 

»»»>.».. 

|1 

1 

i 

1 

A 

1 

1 

•  OSM 
.0330 
.OiW 

.ouo 
.osu 

.01M 
.0480 
.OMO 
.(MM 

0140 

0000 

00«4 
0012 

oow 

OOTO 
0080 

0180 

oow 

0040 
0080 

I.W 

s.u 

2.T8 
2.M 

s.n 

a.  01 
s.n 
i.n 

8.20 
4.t8 

«.oo 

O.THO 

o.Tooo 

O.TOOO 

I.OODO 
0.8000 

o.osoo 

2.8000 
I. 0280 
1.BT80 
1.0000 
O.ISOO 

0048 

0080 

0070 
0080 
0020 
0040 
0080 

0010 
M>80 
OOSO 
0008 

.0078 
.1080 

.1110 

.1186 
.1101 

.1817 
.1817 

.1001 
.1080 

.1108 

8.4 

8.1 
B.0 

4.8 

7.1 

0040 

0040 

OOM 
0000 

8010 
0800 

0000 

0060 

oiao 
0010 

018* 

1 

7 
• 

11 

12 

14 

.0«7 

.2100 
.2800 

.4000 

.aHo 

•MOO 
.SlOO 
.3000 

.1010 

.0440 
.MOO 

.mi 

oom 

0140 

0200 

0100 

0000 

0080 
0080 

0000 

0088 

una 

4.87 

t.U 

6.00 

1.M 
B.M 

4.00 

8.80 

s.oo 

8.18 
4.80 
S.88 
4.11 

1.0784 
0.87M 

0.2000 

l.IMO 

I.ZMO 

1.7000 

O.S800 
1.1400 

O.BSOO 
0.8000 

P0B2 

0014 

0180 

ooai 

0040 
0020 

0020 

.1284 

.2802 

.1880 
.1600 

.1328 

.1621 

.ono 

.1384 
.0630 

■      8.8 

B.l 

6.1 
8.8 

8,« 

ons 

0O2O 

0280 
0010 
0020 
OOSO 

0010 
0430 

0080 

0020 

18 
17 

10 

22 

24 
26 

20 

28 
10 

.2W 

0O86 

4.T8 

1.2»» 

0087 

■'"• 

8.7 

om 

81 

Jo.  34.] 


w  undcr-dnli 


HEALTH.         I 

.erfrom  a  Spring  tu 


CM. 

Bp 

■%^.. 

Ngii«. 
Hon*. 
Son.. 

NOM. 

Nod*. 
Sow. 
DUUacUy 

».."-■ 

Nooe. 

Now. 

Moot. 

Nom. 

Koi». 
Nana. 

K<n>«. 
N«i«. 
Mont. 
Won*. 

Km.. 

Ndm. 
Nod.. 

No.  34.]         SEWAGE  DISPOSAL  OF  TOWNS. 


Brook  tohich  receives  Effluent  from  the  Framingham  Filter-beds. 
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used  to  receive  the  sludge  from  the  sludge  tank  and  the  other  was 
constructed  to  receive  the  discbarge  from  a  blow-off  located  at  the 
lowest  point  in  the  inverted  syphon  which  conveys  the  sewage  from 
the  town  across  the  valley  of  Pond  Brook  to  the  filter-beds.  This 
bed,  however,  h&n  not  been  used  for  several  years,  as  it  has  been 
found  that  if  clogging  occurs  in  the  syphon  the  sewage  backs  up  in 
the  pipe  until  sufficient  head  is  obtained  to  remove  the  obstruction. 

The  material  of  the  filter-beds  has  an  effective  size  of  0.10  to  0.24 
millimeters,  which  is  somewhat  coarser  than  that  at  Marlborough 
but  much  finer  than  that  at  Framingham.  Under-drains  beneath 
the  beds  are  generally  20  feet  apart,  and  at  a  depth  of  4  to  5  feet 
below  the  surface  of  the  beds.  The  sewage  when  it  reaohes  the 
disposal  area  first  passes  through  duplicate  separating  tanks,  having 
a  combined  capacity  of  about  10,000  gallons,  and  overflows  through 
wooden  troughs  upon  the  disposal  area,  as  described  in  the  annual 
report  of  the  Board  for  1892,  page  580. 

The  operation  of  these  filter-beds  in  winter  is  very  different  from 
that  in  warm  weather.  During  the  warmer  portions  of  the  year  it 
has  been  the  general  custom  to  apply  the  sewage  to  the  beds  in 
rotation  once  in  two  days,  the  amount  applied  depending  upon  the 
chamcter  of  the  material  of  the  bed.  The  deposit  which  forms  upon 
the  surface  of  the  filter  is  removed,  and  the  surface  of  the  sand  raked 
to  a  depth  of  2  or  3  inches,  about  once  in  ten  days  or  two  weeks. 
By  this  method  of  operation  good  purification  has  been  obtained 
during  the  warmer  portion  of  the  year.  In  winter  weather,  when 
the  amount  of  sewage  ia  greater  and  it  is  impossible  to  remove  the 
solid  matter  from  the  beds,  the  filters  become  greatly  overtaxed,  and 
a  short  time  after  severe  winter  weather  sets  in  all  of  the  beds  are 
covered  with  the  sewage  and  much  of  the  time  a  large  part  of  it 
overflows  into  the  adjoining  brook.  When  the  warmer  weather 
comes  the  surface  of  the  bedsbecomes  uncovered,  the  sludge  which 
has  accumulated  during  the  winter  is  scraped  off  and  the  quality 
of  the  effluent  rapidly  improves. 

The  area  of  the  filter-beds  is  inadequate  for  purification  of  the 
sewage  of  the  town,  and  it  will  be  necessary  to  prepare  a  larger 
number  of  beds  in  order  to  prevent  unpurified  or  partially  purified 
sewage  from  entering  the  brook. 

During  the  last  two  winters  the  surfaces  of  the  filters  have  been 
furrowed,  and  the  results  obtained  have  been  somewhat  better 
than    in   previous  years,  although   it  appears  that  the  night  flow 
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opportuDitj  for  some  of  the  sewage  to  reach  the  effluent  pipe  ia  a 
less  purified  state  than  should  be  the  case. 

The  average  analyses,  as  given  in  the  following  tables,  indicate 
that  of  the  sewage  filtered,  about  89  per  cent,  of  the  organic  matter, 
as  represented  by  the  albuminoid  ammonia,  was  removed  by  filtra- 
tion during  1894,  and  about  90  per  cent,  during  1895.  For  the 
results  of  chemical  and  bacterial  analyses,  showing  the  variations  at 
difi'erent  hours  of  the  day  in  composition  of  the  summer  sewage  and 
measurements  of  its  quantity,  a  reference  is  made  to  page  468  of  the 
annual  report  for  1894. 
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22.07  miles.  The  so-called  "separate  system"  was  adopted,  but 
no  under-draiDB  were  laid  beneath  the  sewers,  and  a  large  amount 
of  ground  water  enters  them  at  certain  seasons  of  the  year. 

As  the  sewage  arrives  at  the  disposal  field  it  passes  through  dupli- 
cate separating  tanks  and  screens  before  passing  into  the  distributing 
pipes.  Each  tank  is  about  25  feet  long,  6^  feet  wide  and  6  feet 
deep.  The  screens  are  of  wire,  and  have  a  1-incfa  mesh.  The 
sludge  which  is  deposited  in  the  tanks  flows  by  gravity  to  beds 
prepared  for  this  purpose. 

The  total  area  of  the  tract  bought  by  the  city  is  62.7  acres. 
Upon  this  tract  13  sewage  beds  with  a  total  area  of  9.6  acres  and 
€  sludge  beds  with  a  total  area  of  1.7  acres  have  been  prepared  for 
the  disposal  of  the  sewage  and  sludge.  The  material  of  the  beds 
is  finer  than  that  of  Framingham  or  Gardner,  and  has  an  effective 
size  of  0.12  to  0.14  millimeters.  The  area  has  a  moderate  slope 
toward  a  small  brook,  and  is  from  7  to  22  feet  above  it.  The  beds 
are  thoroughly  under-drained  by  means  of  parallel  lines  of  pipe,  50 
feet  apart  and  about  6  feet  beneath  the  surface.  All  these  drains 
discharge  into  the  brook  before  mentioned. 

The  sewage  is  ordinary  city  sewage,  varying  in  strength  from 
time  to  time  with  the  amount  of  ground  water  which  enters  the 
sewers.  The  quantity  of  sewage  is  not  known,  but  the  dry  weather 
flow  is  probably  in  the  neighborhood  of  500,000  gallons  per  day. 

For  the  results  of  chemical  and  bacterial  analyses  of  hourly 
samples,  showing  the  variation  in  the  summer  sewage  as  it  flowed 
into  the  settling  tanks,  reference  is  made  to  page  467  of  the  annual 
report  for  1894  and  page  455  of  this  volume.  In  the  same  tables 
hourly  measurements  of  Sow  will  also  be  found.  Each  bed  gener- 
ally receives  the  sewage  for  twenty-four  hours,  unless  the  quantity 
of  sewage  is  so  great  as  to  cause  it  to  overflow  its  banks ;  and  the 
sewage  disappears  from  the  surface  in  from  one  to  ten  days  after 
receiving  the  dose. 

The  surfaces  are  ploughed  and  harrowed  about  once  in  three 
weeks,  the  sludge  being  raked  from  the  surface  before  the  bed  is 
ploughed.  After  this  treatment  the  sewage  disappears  from  the 
bed  rapidly,  the  length  of  time  taken  for  it  to  pass  through  the 
Alter  increasing  with  each  application  of  sewage. 

In  the  fall  the  surfaces  of  the  beds  are  furrowed  with  a  disc 
barrow  and  in  the  winter  the  sewage  is  applied  to  the  beds  for  not 
more  than  half  a  day  at  a  time.     The  capacity  of  the  field,  however, 
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Under-draina  of  the  Marlborough  FiUer-beda  —  Concluded. 

•  lP.rt.i>.rlOO.OM.J 


......    1  , 

! 

K.T^«„             1 

1^ 

i 

1 

= 

1 

H 

1 

1 

1  : 

Z       1 

1 

O.MM 

«»0      ]        4 

*4                0 

8100 

0010 

ass7 

7.4 

.0000 

J 

D.IHO 

OtM              S 

u           0 

«800 

0010 

2370 

7.1 

0140 

3 

O.WM 

OHO              4 

80              0 

8000 

OOTO 

2S2S 

1.1 

1200 

8 

O.*0OO 

ono          4 

BO              1 

1000 

0000 

2400 

0.7 

0280 

4 

0.4140 

0100            s 

Oft                1 

OMO 

ooto 

1038 

7.0 

0030 

t 

0.4800 

oiM    1      a 

4S              1 

2000 

0100 

»M 

1.3 

OS40 

a 

O.BBOO 

M40                E 

n          1 

7000 

0120 

4008 

8.1 

0T80 

7 

1.5380 

OTM                0 

OS           0 

2010 

0180 

7070 

8.1 

2080 

s 

O.MOO 

Dseo           3 

so           0 

WM 

OIM 

M7S 

0.0 

0»«0 

g 

0.-680 

osoo           4 

00              0 

21W 

0080 

U78 

8.T 

OMO 

10 

O.STIO 

04«      1        4 

00              0 

2M> 

oim 

SltT 

e.« 

0100 

11 

0.8000 

OSM              4 

10              0 

1800 

0270 

4004 

0.4 

uoo 

13 

0.3440 

OMO              4 

U              I 

4000 

0080 

2m 

s.e 

0080 

IS 

D.ieso 

0160              t 

80      1         1 

20OO 

0080 

2104 

7.0 

0820 

u 

0.18BO 

OUD                 0 

90                0 

4100 

0040 

U34 

1.4 

04n 

U 

O.flJOO 

03U              0 

00                0 

HOO 

OtM 

4218 

7.7 

0800 

It 

2.8iao 

OHO                1 

20      j         I 

looo 

KOD   ; 

UOg 

11.0 

30M 

11 

O.WIO 

wnt     1       » 

20      1        0 

0300 

OIM 

3724 

10.0 

IQOO 

18 

o.wio 

0430                 7 

U      1         1 

8600 

0180 

2100 

lO.O 

oeu 

10 

<i,hm 

om           7 

30              1 

2800 

0080      i 

2512 

B.O 

0-80 

20 

o.friso 

0720              7 

00              0 

1800 

«m    ! 

O3O0 

0.8 

2800 

21 

o.ieoo 

ouo    1      s 

M              0 

800O 

0070      ' 

4440 

0.0 

0070 

22 

0.024O 

0240      !        7 

10              1 

2000 

OMO      1 

3&33 

7.0 

2BO0 

2S 

0.4800 

0380              8 

ao           1 

1000      \ 

osoo 

8382 

7.S 

1060 

24 

0.73M 

0340       l|         6 

m            0 

7200 

0080 

3600 

0.4 

lUO 

20 

0.3010 

0340      1         4 

TO              1 

MOO 

0080      . 

1S68 

0.0 

06OO 

28 

0.3B8O 

0.20       j          4 

80       1       0 

8000 

002i      i 

2184 

0.7 

0300 

27 

0.2*40 

0000    ,      0 

20              1 

3000 

0024      1 

1833 

8.1 

0080 

28 

0.41*0 

0140              > 

oiao 

M              0 

0000 
osoo 

0020 

1600 

1638 

0.7 

0100 

3U 

0.5400 

0170              4 

Ot                0 

6300 

0070       . 

1M0 

8.3 

0070 

31 

0.3200 

O140       1       3 

U       j       0 

woo 

0030       j 

1848 

..« 

OIM 

*1 

0.M2T 

■™"lh^ 

Gl                0 

«o£e 

"^;:~ 

3144 

~Tr 

^oir 

38 

wblch  HWKie  wu  b«lD|  applied  al  lbs  lima  Ihr  laniplt  wuco 


LTH.         [Pub 


Chemieal  Examin 


Rniori  »■ 

,™.„„, 

n 

rJ 

]      I'       I 

e.40{  «.«;,  41.10  I  SI. IV 
K.IUII    t.v"    Id.su  )  II. « 

i«!hi|  i!;u'    (!mi  i  4^11 

tt.to.  «.4u  IS.ou  ».M 
11. 3K  «.ll  St.SO  IV.Tl 
ot  *p«Dt  dya  llqUQii  Id  ihi 

Waterfront  a  Sprin 


Ox... 

BM. 

;sr 

VarjfulnlorsoiK 

V,^(,lBior..on 

i>lH<BC1,  |«CUlll 

Iffoiia. 

labl*. 
rnune! 

rBUO* 

Flint  If  Trirlibic 
Flint  ly  TrfTtibla 

UtoilUElly 
V«r  film  or  BOB 

No.  34.]         SEWAGE  DISPOSAL  OF  TOWNS.  635 

Sewage  from  Medfield. 
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FOOD  AND  DRUG  INSPECIIOX. 


The  followiDg  report  compri^s  the  operations  of  the  Board  under 
the  provisions  of  the  food  and  drug  acts  for  the  year  ending  Sept. 
30,  1S95. 

The  force  employed  by  the  Board  during  the  year  consisted  of 
the  following  persons :  — 

Dr.  Charles  P.  Worcester, AwUyO, 

Frof.  Charles  A.  Goessmank, Analyat. 

Mr.  Albert  E.  Leacu, Antstani  Analyst. 

John  H.  Terrt, Inspector. 

John  F.  McCaffret, Inape<stor. 

lloBACE  F.  Davis Intpector. 

TuouAS  O.  Allen Impeelor. 

Id  addition  to  the  force  employed  in  1894,  Mr.  Thomas  O.  Allen 
was  appointed  hy  the  Board  in  1895,  to  act  in  the  towns  in  the 
Dcighborhofid  of  Lowell. 

The  whole  number  of  samples  of  food  and  drugs  (including  milk) 
examined  during  the  year  was  7,309,  or  435  more  than  the  number 
examined  in  the  year  ending  Sept.  30,  1894,  and  1,405  more  than 
the  average  annual  numl)er  examined  in  the  ten  years  from  Sept. 
30.  1885,  to  Sept  30,  1895. 

The  whole  number  examined  since  the  beginning  of  operations  in 
this  department  in  1883  was  67,756. 

The  following  summary  embraces  the  work  done  during  the 
year : — 

Number  of  samples  of  milk  examined, 3,794 

Number  of  SHmples  above  atHuiiard 1,905 

Numbur  of  samples  below  standard, 1,889 

Perceotage  of  adulteratioD  or  defiuicDCf 49.8 

Number  of  samples  of  other  kinds  of  food  (not  mitk),                .  2,971 

Number  of  samples  above  standurd, !,379 

Number  of  samples  below  standard, A92 

Percentage  of  adulteratioD 19.9 
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ite  "  or  enamelled  ware,  which  is  largely  Bold  for  culinary  purposes, 
the  Board  ordered  no  exnminution  to  be  made.  It  had  been  charged 
that  the  enamelled  coating  of  such  utensils  contiiiDed  arsenic. 
Arsenic  wati  found  in  only  one  iastance,  and  in  that  case  the 
quantity  was  inijonsiderable  and  such  only  as  might  have  been  due 
to  a  slight  impurity  in  the  material  used  for  glazing.  More  than 
half  of  the  utensils  contained  antimonj'. 


The  following  figures  aSbrd  a  very  good  illastration  of  the  advan- 
tages secured  by  the  eaactmeot  of  a  well-devised  food  and  drug 
statute. 

In  1884,  soon  after  the  enactment  of  the  law  and  before  an  ade-^ 
quate  appropriation  hiid  been  provided  for  its  enforcement,  an  exam- 
ination of  Eipices  and  cream  of  tartar,  and  other  articles  of  food,  as 
sold  in  open  market  in  Massachusetts  gave  the  following  results :  — 

Samples  of  spices  collected  in  1884,  481.    Number  adulterated,  216,  or  60.1  per 

Samples  of  spices  collected  in  July,  1896,  78.  Numbor  aduUftr.iIed,  2,  or  3.6 
per  cent. 

Samples  of  cream  of  tartar  collected  In  1884,  232.  Numiier  adulterated,  77,  or 
33.2  perci'nt 

Samples  of  cream  of  tartar  collected  in  July,  1S96,  25,  of  which  1  was  adul- 
terated, or  4  per  cent. 

Out  of  123  samples  of  butter,  cheese,  tea,  coffee  and  confectionery  collected  in 
1884, 15,  or  12. 2  per  cotil.,  were  adulterated. 

Out  of  82  snmples  of  the  snrae  Hrticles  collected  under  similar  conditions  in  July, 
1896,  all  proved  to  be  genaine. 

Drugs. 

The  principal  drugs  found  to  be  adulterated  by  the  analyst  are  as 
follows :  — 

Ether,  distilled  water,  extract  of  licorice,  compound  »:pirit9  of 
ether,  spirits  of  nitrous  ether  (all  below  standard  and  more  than 
half  showing  less  than  50  per  cent,  of  the  required  strength),  the 
pbarmacopceial  wines  and  liquor,  tincture  of  opium,  offiuinal  soap 
and  mercuric  ointment.  Much  greater  care  is  necessary  in  the  prep- 
aration of  distilled  water.  Its  use  for  preparing  eye-lotions,  for 
the  solution  of  nitrate  of  silver  and  other  salts,  and  many  other 
purposes  requiring  pure  water,  calls  for  a  carefully  made  article, 
and  yet  it  was  quite  commonly  found  on  analysis  to  be  nothing  but 
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CitUa  and  Tomm  to  whuA  Notices  were  tent  <m  Account  of  AduUereUed  Articles  of 
Food  other  than  Milk. 


Arlington, 
Attlebo  rough, 
Blackstooe,    . 
Boston,  . 
Brockton, 
Cambridge,    . 
Fall  River,     . 
Fitcbburg.      . 
Gardoer, 
Gloucester,    . 
Holyoke. 
Lawrence, 
Lowell,  . 
Ljnn,     .        . 


I'ittsfield, 
Plyiuouih, 
Provincetown, 

Spencer, 
Springfield,  . 
Stonebam, 
Taunton, 
Ware.     . 
Wutertown,   . 
Weslfield,      . 
Woburo, 

Total,      . 


Ciiies  and  Towns  to  which  Notices  were  sent  on  Account  of 

AduUerated  Drugs. 

Adams 

1 
2 

.      16 

Arlington,      . 

Attleborougb, 
Blackatone,    . 

Peabody 1 

Provincetown,       ....        1 

Cambridge,    . 
Chelsea, 

Springfield 6 

Fitchbnrg,      . 

Walthsm 4 

Westfield 2 

Holyoka. 

Lowell 

Maiden, 

Marblehead,  . 

West  Medway, 
West  Newton, 

Total,      . 

1 
I 
2 

New  Bedford.       . 

3ARD  OF  HEALTH. 


'R08ECDT10N8. 

)t  three  years  a  condeosed 
iber  of  prosecntioos  cond 
if  work  under  the  food  ai 
I  the  eame  figurea,  with  tl 
ipt.  30,  1895  :  — 

lomplainls  entered  in  Court. 


Dnw- 

Mim. 

,.u. 

c« 

5 

4 

9 

1 

ib 

48 

1 

68 

119 

10 

20 

34 

64 

43 

66 

66 

140 

94 

102 

6 

49 

160 

IS 

72 

136 

3 

67 

96 

76 

90 

11 

68 

92 

88 

626 

1,131 

1 

Foot  months  oaly.  %  No  i 

mplaiats,  90.9  per  cent. 

1  before  May  1, 1886,  were  nm 
ind  Charity,  and  all  after  that 
if  Health. 

preseated  to  the  Legielatu 
i  provisioDS  of  the  statute: 

OfTICB  or  THB    8t*TB    BoAHD    OF 

State  Hoi.-»b,  Bobi 
use  of  Repretentaiivet  of  Che  i 
in  General  Court  atsentbled. 
made  in  compliaDce  with  th 
^cta  of  1884,  reqniriDg  the 
the  Legislature  the  number  i 
Acta  of  1882,  and  an  item' 
r  ont  the  proviBlous  thereof." 
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The  whole  number  of  prosecutions  made  by  sathorlty  of  the  Board  agsiaat 
offeoders,  under  the  proTieioQB  of  the  food  and  drug  acts,  for  the  year  end- 
ing Sept.  30,  1895,  was  92. 

The  cities  and  towns  in  which  the  articles  were  sold,  and  in  respect  to 
which  complaints  were  entered  in  court,  the  character  of  the  articles  found 
to  be  adulterated,  or  fraudulently  sold,  the  dates  of  the  trials  and  their 
results,  are  preaented  in  the  following  table :  — 


Mile  and  Milk  Pbodtjcts. 
For  Fraudulent  Salea  of  Mtlk. 


In  Marlborough,                .        .    Oct.       6,  1891 Convicted. 

Marlborough 

.    Oct.       6,1894 

Marlborough 

.    Aug.    19, 1895 

Newton. 

.    Oct.     19,  1894 

Fall  River, 

.    Oct.       6.1894 

Fall  River, 

.    Oct.      11,1894 

Fall  River, 

.    Oct.      11.1894 

Gloucester, 

.    Nov.      3,  1894 

« 

Gloucester, 

.     Soy.      S,  1894 

Discharged 

Gloucester, 

.     May    32.  1895 

Convicted. 

Gloucester, 

.    Aug.    16,  169S 

" 

Chelsea, 

.     Nov.    30.1894 

" 

Chelsea, 

Nov.      7, 1894 

Salsm,   . 

.    Deo.     21,  1894 

Salem.   . 

.    Feb.     26,  1896 

Salem,   . 

.     -May      S,  1896 

" 

Wobum, 

.     \ov.    29.  1894 

" 

Woburo, 

.     May     10,  1896 

" 

Wobum, 

.     Aug.    21,  1896 

" 

Waltharo, 

.     March  8,1896 

>' 

Springfield, 

.    .March  22. 1895 

Discharged 

SprinRfield, 

.     March  22, 1896 

Convicted. 

Springfield, 

.    April     5, 1895 

" 

Chicopee. 

.    June    28.1895 

Medford. 

.    Aug.    23,1895 

Lowell. . 

.    Sept      6,1896 

Milford, 

.    Oct.      18.1894 

Mendon, 

.    OcL     18,  1894 

Wrentham, 

.    Oct.     20,  1894 

Gardner, 

.      .    Nov.    24,1894 

West  Medway, 

.    Not.    24, 1894 

West  Medway, 

.     Nov.    24,1894 

Dan  vers. 

.    Jan.     18.1895 

Danvers, 

.    Feb.     26,1895 

Peabodj, 

.    Jan.     26,1895 

Peabo<fy, 

.    Jan.     28.  1895 

Feabody, 

.    Feb.     19,1895 
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Fob  Fraudui-eht  Sale  of  Other  Abticles  c 
Cream  of  Tartar. 


■  Food  —  Concluded. 


Lard. 
In  Fall  River,    ....    March    6,  IE 


MapU  Syrup. 
March  18, 1895, 


In  Fall  River, 


March  22,  1895, 


Spices  and  Condiments. 

Id  Holyoke April    26,  1895  (cassia).      .        .    Coovicted. 

Hclj-oke April    26,  1895  (pepper),    . 

Holyoke April    26, 1895  (innatard),  . 

Ware Jan.       4,  1895  (mustard),  . 


Id  Gardoer, 
Ware,  . 
Holyoke, 

Boston, . 
Boston. . 
Boston, . 
Wobum, 
Ware,  . 
Waro,  . 
Revere, 


Dkugs. 
Dec.     7, 1694  (Ruppert's  Face  Bleach), 
Dec.     4, 1894  (Ruppert's  Face  Bleach), 
Dec.    19, 1891  (Rupperfs  Face  Bleach), 
April  — ,  1895  (Ruppert's  Face  Bleach), 
April  — ,  1896  (Roppeit's  Face  Blench), 
Dec.    31,  1894  (oxide  of  zinc  ointnicnt), 
Dec.    31, 1894  (mercurial  ointment), 
Dec.      2, 189t  (distilled  water),      . 
Dec.    11, 1894  (distilled  water),      . 
Dec.     8, 1894  (distilled  water),      . 
Ang.     9, 1895  (distilled  water),      . 


Complaints  entered  in  court  under  the  acts  relating  to  the  inspection  of  milk 

and  milk  products, 

Other  articles  of  food, 

Drugs, 

Total 

SUUHART. 

The  whole  number  of  complainta  entered  by  the  State  Bo&rd  of  Hea 
daring  the  year  endiog  Sept.  90,  1895,  in  tlie  courts  of  the  Commonweal 
against  parties  for  violation  of  the  statutes  relating  to  food  and  di 
inspectioD,  was  92. 

•  PartiM  len  the  State  befora  mm  eoald  be  Med. 
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'he  total  number  of  aamples  of  food  and  drags  ezamined  during  the 
r  waa  aa  follows :  — 

t,  . 8.712 

er  articles  of  food 2,971 

igs 544 

Tutttl, 7.227 

al  expenses  of  collection,  examination  and  prosecution,    .  $11,375  89 

irage  expense  per  sample  collected, 1  57 

F1NB8. 
rbe  amouDt  of  fines  paid  into  the  treasuries  of  couDties,  cities  and  towns 
ler  the  proviaions  of  the  general  and  special  laws  relative  to  the  inspec- 
1  of  food  and  drugs  was  as  follows  :  — 

ea  paid  for  Violation  of  ihc  Food  and  Drug  Ada,  upon  Cases  eniered  for 

lAe  Tear  ending  Sept.  30,  1896. 
ler  the  provisions  of  the  laws  relating  to  milk  and  milk  products,    .  |2,652  62 
ler  the  provisions  of  the  taws  relating  to  other  articles  of  food  and 
rugs 242  68 

Total f2,895  30 

Expenditures 
Ur  the  Provisions  of  the  Food  and  Drag  Act*  during  the  Tear  ending  Sept. 
30,  1895. 


B<liiUMIolflLk 

BtliUTe  to  Oltaer 
Klndadf  Food*  lid 

iries  of  inspectors 
veiling  expenses 

md 
als 

purchas 

e  of  supplies,   . 

12,700  01 

2,400  00 

1,100  00 

577  05 

2  40 

1  U 

1  68 

45  00 

17  76 

65  20 

1 1,800  00 
1,563  82 

725  00 

ting. 

1  60 

ressage,   .        . 
al  services, 
dry  small  aupplie 
ra  services, 

.. 

1  12 

11  84 

.  86  80 

Total,      . 

f6,900  54 

t4,475  35 
6,900  64 

f  11,375  89 

SAM'L    W.    ABBOTT, 
Secretary  of  Stale  Board  of  SeaUh. 


REPORTS  OF  THE  ANALYSTS. 


EEPOEIS  OF  THE  ANALYSTS. 


Dv.  S.  W.  Abbott.  Seeretary  of  the  Stale  Board  of  Seaiih. 

Dear  Sib  :  —  I  have  the  honor  to  report  the  analysis  of  food  i 
drugs  for  the  year  beginniDg  Oct.  1,  1894,  and  ending  Sept. 
1895. 

Milk. 

The  numher  of  aamples  of  milk  analyzed  in  the  State  House  la 
ratory  dnriug  the  year  was  larger  than  that  of  any  previous  y< 
and  includes  all  the  milk  collected  by  the  three  inspectors  of 
Board  throughout  the  State,  exclusive  of  that  from  the  four  west 
counties,  the  examination  of  which  is  done  at  Amherst. 

As  usual,  the  total  solids  of  every  sample  of  milk  submitted  to 
were  determined  grnvimetrically,  and  those  found  below  12  per  ce 
total  solids  were  further  analyzed  for  fat.  The  methods  of  analj 
were  the  same  as  those  employed  in  previous  years,  viz.,  the  del 
mination  of  the  solids  by  evaporation  and  of  the  fat  by  means  of 
Babcock  process. 

A  careful  examination  was  also  made  in  suspected  cases  for  col 
preservatives,  etc. 

The  ratio  of  samples  found  to  be  below  the  standard  for  the  y 
is  shown  to  be  51.5  per  cent.,  being  nearly  identical  with  that  of 
preceding  year,  which  was  51  per  cent, 

The  following  table  shows  the  quality  of  the  milk  by  months,  i 
the  percentage  of  adulteration  of  each  month,  corresponding  U 
Btandard  of  13  per  cent,  and  12  per  cent,  respectively  :  — 

Quality  of  Milk  by  Moraha. 
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The  number  of  colored  samples  found  during  the  year  is  uousually 
large.  Annatto  was  the  favorite  coloring  matter  employed.  While 
in  lAost  iDstaDces  the  color  was  added  to  conceal  evidence  of  water- 
ing, a  number  of  cases  were  found  in  which  the  milk  itself  was  cod- 
siderably  above  the  standard,  though  containing  added  coloring 
matter. 

Several  samples  of  milk  were  found  to  contain  an  added  coal  tar 
color.  It  was  found  to  be  a  mixture  of  two  or  more  of  the  orange 
members  of  the  diazo  compounds  of  aniline.  A  mixture  of  the  dyes 
known  to  the  trade  as  "Orange  G"  and  "Fast  Yellow  "gives  a 
color  which  ia  essentially  identical  with  this  milk  color. 

For  its  detection  in  the  milk  it  was  found  sufficient  to  curdle  about 
half  a  pint  of  the  heated  milk  with  acetic  acid,  so  as  to  separate  the 
casein  in  one  mass.  The  whey  being  poured  off,  the  orange  dye,  if 
present,  is  readily  detected  in  the  curd  by  macerating  with  ether  for 
some  time,  preferably  over  night.  The  natural  color  of  the  milk  left 
in  the  card  is  entirely  dissolved  out  by  the  ether,  as  is  annatto  or 
any  of  the  common  vegetable  coloring  matters,  leaving  the  curd  a 
pure  white.  The  coal  tar  dye,  on  the  contrary,  is  not  dissolved  out 
by  ether,  and,  on  pouring  off  the  latter,  the  dye  is  readily  apparent, 
if  present,  by  the  persistent  deep  yellow  or  orange  color  of  the  curd. 
Among  a  number  of  samples  of  milk  brought  in  by  one  of  the 
inspectors  was  found  a  sample  can  containing  water  colored  with 
caramel,  with  the  addition  also  of  common  salt.  This  colored  water, 
it  was  afterwards  ascertained,  was  found  by  the  inspector  in  an  eight- 
quart  can  nearly  full,  among  a  number  of  milk  cans  in  a  dealer's 
wagon.  Its  obvious  use  was  to  both  water  and  color  at  the  same 
time  milk  delivered  in  small  cans  from  house  to  house.  This  method 
of  treating  the  milk  at  the  time  of  its  delivery  was  doubtless  con- 
sidered by  the  dealer  as  a  very  clever  dodge,  in  that  the  milk  taken 
from  his  wagon  would  undoubtedly  be  found  to  be  of  good  quality. 
The  lowest  sample  of  milk  analyzed  this  year  contained  6.66  per 
cent,  total  solids,  of  which  2.35  per  cent,  was  fat.  This  was  taken 
from  a  fanner,  and  was  one  of  a  lot  of  milk  samples  which  was,  with 
one  exception,  the  worst  lot  ever  analyzed  by  the  Board. 

Bearing  on  the  question  so  often  asked  in  court  as  to  the  degree 
of  accuracy  attainable  in  parallel  analyses  of  the  same  milk,  and  as 
to  the  closeness  of  agreement  in  analyses  of  the  same  milk  by  dif- 
ferent chemists,  an  opportunity  was  afforded  during  the  year  to 
practically  teat  this  point. 
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is  read  on  an  arbitrary  scale.  A  constant  temperature  hy  means  of 
a  circulation  of  heated  water  is  maintained  and  its  degree  is  noted. 
The  refracting  degree  of  cotton-seed  oil  is  about  8.9  in  excess  of  the 
i^tundurd  refraction  of  lard,  while  that  of  tallow  is  about  3.8  less 
than  the  standard.  This  is  shown  by  samples  H  and  I  in  the  fol- 
lowing table. 

The  readings  are  quickly  and  easily  taken,  and,  in  connection  with 
the  positive  Bechi  test  for  cotton-seed  oil  and  the  crystallization  test 
for  beef  steaiin,  the  refractometer  is  of  great  value. 

It  will  be  noted  that  adulteration  of  lard  with  cotton-seed  oil  alone 
is  indicated  by  an  abnormally  high  refractometer  number,  while  the 
preseuce  of  tallow  will  result  in  an  abnormally  low  refraction.  But 
both  adulterants  may  be  present  and  a  normal  refraction  result.  In 
such  a  case  the  positive  detection  of  one  of  them,  such  as  the  cotton- 
seed oi]  by  the  Bechi  test,  will  indirectly  show  the  presence  of  the 
other  (tallow) ,  and  this  indirect  proof  will  be  confirmed  by  crystalli- 
zation. 

TTie  Iodine  Absorption  Number.  —  This  is  perhaps  the  most  im- 
portant of  all  the  tests,  although  its  results  are  in  general  prefigured 
by  the  refractometer.  By  it  is  meant  the  percentage  of  iodine  which 
a  sample  of  fat  will  absorb. 

As  may^  be  seen  in  the  following  table,  cotton-seed  oil  (H)  will 
absorb  about  108  per  cent,  of  its  weight  of  iodine,  while  beef  fat 
(I)  will  absorb  but  about  37  per  cent. 


PHOTO-MICROGRAPHS. 
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Samples  A,  B  and  C  give  reactions  corresponding  to  normal  pnre 
lard.  D,  E  and  F  show  somewhat  high  refractumeter  and  iodine 
numbers  but  give  no  direct  reaction  for  cotton-seed  oil  by  the  Bechi 
test.  G,  although  showing  low  iodine  and  refractometer  numbers, 
gives  no  evidence  of  the  presence  of  tallow  by  crystallization. 
In  fact,  the  crystals  from  this  snmple  proved,  under  all  circum- 
stances, to  be  most  clearly  typical  of  pure  lard, —  broad  and  flat 
plates  with  obliquely  cut  ends. 

This  sample  was,  in  fact,  a  pure  leaf  lard.  It  has  been  our  ex- 
perience that  a  stiff,  strictly  pure  leaf  lard,  which  both  by  its  con- 
sistency and  by  its  low  iodine  and  refractometer  numbers  might 
suggest  the  presence  of  beef  fat,  shows,  on  crystallization,  mach 
more  definitely  characteristic  lard  stearin  than  does  a  whole  bog 
lard,  whose  iodine  and  refractometer  numbers  are  more  nearly  the 
normal  standard. 

In  distinction  from  such  a  leaf  lard,  a  sample  which  may  have 
a  similar  consistency  and  iodine  and  refractometer  numbers,  but 
which  is  composed  of  a  whole  hog  lard  of  a  comparatively  high 
iodine  number,  together  with  beef  fat,  gives  unmistakable  proof  of 
its  adulteration  by  its  crystullizntion. 

Fig.  1  shows  the  crystalline  form  of  pure  leaf  lard  stearin;  Fig. 
2,  of  whole  hog  lard  stearin ;  Fig,  3,  of  beef  tallow  stearin. 

The  adulteration  of  lard  with  tallow  and  cotton-seed  oil  is  wholly 
unobjectionable  as  far  as  the  wholesomeaesa  of  the  compound  ia 
concerned.  It  is  objectionable  only  on  the  ground  of  fraud,  and  is 
legally  permissible  provided  the  mixture  is  properly  labelled. 

Olive  Oil. 
Forty-two  samples  proved  to  be  genuine  and  9  were  found  to  be 
adulterated  with  cotton-seed  oil. 

Vinegar. 

Thirty-two  samples  were  of  standard  quality  and  32  were  in- 
ferior. 

These  figures  indicate  great  carelessness  as  well  as  fraud  in  putting 
np  this  standard  article. 

The  adulteration  of  vinegar  is  chiefiy  practised  outside  of  Boston, 
in  which  city  the  vigorous  enforcement  of  the  law  has  resulted  in 
the  practical  suppression  of  the  sale  of  an  inferior  article.  The 
report  of  the  inspector  of  milk  and  vinegar  for  1894,  states  that,  of 
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Ginger. 
One   hundred    and   thirty-foar  genuine,   22   adulterated.     The 
ndulterants  found  were  wheat,  corn  and  turmeric.     The  fancy  for 
deeply  coloring  this  spice  with  a  liberal  mixture  of  turmeric  is 
hardly  less  frequently  met  with  than  iu  the  case  of  mustard. 

Mace. 
Sixteen  genuine. 

Mustard. 
One  hundred  and  twenty^seven  genuine,  71  adulterated.     The 
adulterants  found  were  wheat,  corn,  rice,  turmeric,  cayenne  and 
gypaum.     Tbe  "  terra  alba  "  was  found  in  one  sample  to  tbe  extent 
of  21  per  cent. 

Jfulmeff, 
Six  genuine. 

I'epper. 
Two  hundred  and  twenty-aix  genuine,  17  adulterated.  The  adul- 
terants found  were  corn,  wheat,  rice,  ginger,  cayenne,  grains  of 
paradise,  nutshells  and  buckwheat.  Several  samples  were  found  to 
be  largely  adulterated  with  woody  stone  cells,  identical  with  those 
of  the  olive  stone.  Fig.  4  shows  the  microscopic  appearance  of  one 
of  these  samples.  This  adulteration  has  been  reported  found  in 
other  localities  but  it  has  not  been  found  here  before. 

COITEE. 

Seventy-nine  genuine,  19  adulterated.  Tbe  adulterants  found 
were  peas  and  pea  hulls,  chicory,  wheat,  straw,  sticks,  glass  and 
artiScial  grains  made  of  a  roasted  wheat  mash. 

Creau  of  Tartar. 

Three  hundred  and  sixty-four  genuine,   12  adulterated.     The 

adulterants  found  were  starch  (wheat   and   com),  acid   phosphate 

of  calcium  and  gypsum.     One  sample  contained  85  per  cent,  of 

the  last-named  substance. 

Honey. 
Forty-one   genuine,   2   adulterated.     The    adulterant   found  was 
glucose  syrup. 

MOLABSES. 

Two  hundred  and  twelve  genuine,  13  adulterated.  The  adulterant 
found  was  glucose  syrup. 
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Food  Pbesertahyes. 

Samples  of  caoned,  bottled  and  dried  foods  of  rarioua  kinds  have 
been  examined  for  artificial  preservatives.  Among  those  contnining 
borax  or  boracic  acid  were  aamplea  of  shredded  codfish,  oysters  and 
clara  juice. 

Notable  amounts  of  salicylic  acid  were  found  in  many  brands  of 
tomato  catsup,  grape  juice,  strawberry  jam,  mince  and  apple  prep- 
arations for  pies,  lager  beer  and  fruit  syrups. 

A  salt  sold  on  the  fish  wharves  as  a  "  fish  preservative  "  proved  to 
be  a  mixture  of  common  salt  and  borax.  An  "  oyster  preservative  " 
proved  to  be  a  mixture  of  salt  and  boracic  acid. 

Ego  Foods. 
Samples  of  egg  foods  were  examined,  with  the  following  results. 
They  purported  to  be  the  equivalents  in  all  respects  of  fresh  eggs. 
A  ten-cent  package  of  sample  A,  for  instance,  weighing  about  two 
ounces,  is  announced  to  be  equal  to  twelve  eggs,  whether  of  the 
domestic  fowl  or  not  is  not  specified. 


A 

B 

c 

Protein, 

Fat,.        ... 

ie.9( 

18.72 
3.40 

7.01 
70.87 

48.15 

Water 

Corn  Btarob,  salts  and  coloring  matter. 

6.71 
72.93 

5.95 
6.34 

Another  sample  was  found  to  contain  29.9  per  cent,  of  sugar. 

It  will  be  noted  that  the  composition  of  sample  C  corresponds 
closely  to  the  analysis  of  dried  eggs,  which  contain  of  proteid,  54 
per  cent. ;  fat,  40  per  cent. ;  salts,  5  per  cent. 

A  sample  of  barberry  preserve  which  had  been  boiled  in  a  copper 
kettle  was  found  to  contain  .003  grams  of  copper  per  100,  calculated 
as  the  sulphate. 

Samples  of  extract  of  vanilla  were  examined  by  Merck's  method. 
Ten  were  found  to  contain  from  .87  to  2.23  grams  of  vanillia  per 
litre.    Two  others  were  found  to  contain  coumarin. 

Samples  of  fruit  jellies  were  found  to  be  composed  of  a  cheap 
cider  jelly  variously  modified  by  neutralizing  and  artificially  coloring 
and  flavoring  to  represent  currant,  blackberry,  etc. 
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Dkogb. 
Acidum  Benzotcum:  4  standard. 

Acidum  Hydrobromicum  DHulum:  1  standard. 

Acidum  Tannicum:  12  standard. 

^ther:  5  standard  ;  8  inferior,  containing  too  much  alcohol. 

Alcohol:  6  standard. 

Aqua  Ammonim:  10  standard;  1  inferior,  containing  too  little 
aobydrous  ammonia. 

Aqua  Ghlori:  2  inferior ;  1  sample  contained  no  trace  of  chlorine. 

Aqua  Destillala:  But  little  care  appears  to  be  taken  to  supply  a 
good  article.  The  amount  of  solid  matters  per  100,000  parts  of 
water  may  be  seen  by  the  following  table  of  results  of  samples 
examined :  — 

DUaUed  Water  {Parts  of  Solids  per  100,000  of  WaUr). 
0.0  4.0  6.5  7.2  9.0  18.3 

0-0  4.2  6.6  7.6  9.0  20.0 

0.3  4.6  6.6  7.6  9.1  38.6 

0.8  4.5  6.5  8.0  11.9  120.0 

3.0  6.3  6.6  8.5  12.8 

Aqua  Hydrogenii  Dioxtdi :  2  standard;  2  inferior.  The  samples 
which  failed  to  meet  the  Pbarmacopoeial  requirements  contained  but 
57.5  per  cent,  and  25  per  cent,  of  the  proper  amount  of  peroxide. 

Argenti  Nitras:  7  standard  ;  1  inferior,  containing  a  sodium  salt. 

Bismudti  Suhcarbonas:  1  standard. 

Bismuthi  Subnilraa:  7  standard;  2  inferior,  containing  traces  of 
arsenic. 

Calx  Chlorata :  2  standard ;  2  inferior.  One  of  these  samples 
contained  but  12  per  cent,  of  available  chlorine.  The  Pharmacopoeia 
demands  35  per  cent. 
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Spiritus  ^theria  NUroai:  bat  v«ry  few  samples  showed  even  ao 
approximntioQ  to  the  Fbarmacopoeial  requirement  in  conteota  of 
etb^l  nitrite.  Thia  drug  cannot  be  properly  kept  uoteas  in  smalt, 
securely  sealed  bottles,  awny  from  the  light,  and  eren  so  it  loses  its 
strength  in  the  course  of  years.  Apparently  but  little  care  is  exer- 
cised by  druggists  to  observe  these  necessary  precautions. 

PercerUnges  of  the  Required  AmimtU  of  Ethyl  Nitrite  referred  to  the  Pharma- 
eopmiai  Standard  (i  00  per  cent.)  contained  in  Sample*  of  Spiritut  Athens 
Nitrosi. 


Spiritus  Frumenti:  1  standard  ;  6  inferior,  as  shown  below  *  :  — 


^„.  <„.»„,. 

E.™. 

ALOOHOl,  (IT  WUSHT}. 

Eilnct. 

44.65 

3.24 
0.74 
1.00 
0.64 

42.48,         .... 

0.48 

44.24.  

42.95 

42.86, 

87.32.         .        . 

37.17 

0.16 
0.20 

The  high  extract  is  due  chiefly  to  added  sugar. 

Tinctura  lodi:   33  standard ;    37  inferior,  containing  too  little 
iodine. 

Tinctura  Opii:  the  Pharmacopceia  demands  from  1.3  to  1.5  per 
cent,  of  morphine. 
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Unguentum  Hydrargyri:  the  Pharmacopceia  demands  50  per 
cent,  of  mercury.  The  percentagee  of  mercury  found  in  the  sam- 
ples examined  were  as  follows :  — 


62 


47 


33 


A  sample  of  unguentum  z 
10.5  per  r«Dt.  of  oxide  of 
macopoeia  demands  20  per  cent,  of  the 
benzoated  lard. 


3xidi  was  found  to  be  composed  of 

mixed  with  plain  lard.     The  Phar- 

salt  to  be  mixed  with 


Vinum  Album:  12  sampler 
lowing  figures :  — 


all  inferior,  as  shown  by  the  fol- 


a™»o.  <„  W„»nx>. 

EUnct. 

EilMiet. 

19.17 

4.70 

16.17,         .... 

6.90 

18.86 

6.U 

15.06 

fi.OO 

17.15 

4.14 

14.64,          .... 

7.29 

17.00 

6.46 

13.61,         .... 

7.96 

16.47 

13.41,         .... 

7.00 

16.45 

7.60 

13.03,         .... 

6.00 

The  Pharmacopoeia  demands  10  to  14  per  cent,  of  alcohol  and  1.5 
to  3  per  cent,  of  solid  extract.  The  high  extract  was  due  chiefly 
to  added  sugar. 

Vinum  Rubrum:  12  samples,  all  inferior,  as  follows  :  — 


.„..„,„,„..„. 

Eltnct. 

Aloobol  («  Wmiohi). 

^^.. 

18.08, 

n.44 

16.00.         ..... 

12.20 

17.00 

10.16 

14.91,         ... 

13.76 

16.92 

11.49 

14.09 

16.08 

16.62,  .        .                .        . 

13.69 

13.69, 

10.42 

16.16 

13.04 

12.62 

10.60 

16.17 

10.09 

11.31 

11.99 

The  Pharmacopceia  demands  10  to  14  per  cent,  of  alcohol  and  1.6 
to  3.5  per  cent,  of  solid  extract.  As  a  rule  port  wine  contains  a 
large  amount  of  added  sugar. 
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PROFESSOR  GOESSMANN'S  REPORT. 


The  whole  oamber  of  samplen  of  milk  obttiiiiect  and  exHuiined  in 
the  four  western  counties  during  the  year  was  245,  of  which  number 
60,  or  24.5  per  cent.,  proved  to  be  below  the  standard. 

It  would  be  fair,  however,  to  exclude  from  this  number  12  samples 
which  were  obtained  in  West  Deerfield  from  suspected  producers,  of 
which  number  11  were  found  to  be  below  the  standard.  Three  of 
this  number  were  taken  from  one  dairy,  and  the  results  of  analysis 
showed  the  following  figures :  8.69,  7.44  and  ti.66  per  cent,  of  total 
solids  respectively,  the  latter  being  the  lowest  taken  during  the 
year,  and  representing  about  50  per  cent,  of  added  water.  This 
man  was  promptly  convicted  and  fined. 

With  these  exceptions'  the  percentage  of  adulterated  samples  in 
milk  taken  under  the  usual  conditions  of  sale  was  21,  or  a  trifle  less 
than  that  of  1894. 

The  ratio  of  adulteration  for  the  past  ten  years  shows  a  fairly 
uniform  quality,  the  figures  being  as  follows:  — 


Tui. 

»c„,.., 

,... 

,..„..., 

1886, 

20.0 

1891,  ..... 

18.4 

1887 

10. 6 

1892 

19.8 

1888,     

16.7 

1893 

20.3 

1889 

17.7 

'»" 

21.3 

1890 

22.6 

1896 

21.0 

Mean  ratio,  ten  years,  18.9  per  cent. 

These  figures  are  the  result  of  examination  of  2,407  samples,  of 
which  456  were  below  standard. 
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The  results  in  the  towns  were  as  follows :  — 


Tg«L 

«*^d;;;:i. 

SUndird. 

IMLow 
9Un«.rt. 

Greenfield, 

« 

10 

5 

- 

North  Adams 

14 

12 

2 

- 

South  Hadley,         .... 

1 

1 

- 

- 

Ware 

32 

24 

8 

- 

WestDeerfield 

12 

1 

11 

- 

Westfield 

1* 

9 

S 

- 

88 

67 

31 

35.9 

C.  A.  GOESSMANN, 

Analyst. 


REPORT 


Production  and  Usk  of  Antitoxin. 


REPORT  UPON  THE  PRODUCTION  AND  USE  OF  ANTITOXIN. 


Id  the  last  annual  report  of  the  State  Board  of  Health  (p.  cvii) 
brief  reference  was  made  to  the  work  of  the  Board  which  had  been 
undertaken  for  the  purpose  of  providing  a  supply  of  antitoxin  for 
general  use  in  reducing  as  far  as  possible  the  fatality  from  diph- 
theria in  Massachusetts.  The  saving  of  human  life,  which  had  been 
claimed  by  Dr.  Ronx  in  his  report  upon  this  subject  at  the  Inter- 
national Congress  of  Hygiene  at  Buda  Pesth  in  1894,  and  the  similar 
results  elsewhere  attained  on  both  sides  of  the  Atlantic,  were  ap- 
parently demonstrated  in  so  convincing  a  manner  as  to  warrant  the 
adoption  of  antitoxin  both  as  a  therapeutic  and  preventive  remedy 
for  general  aee.  Hence  the  Board,  acting  under  the  provisions  of  the 
statutes  requiring  it  to  '<  take  cognizance  of  the  interests  of  health 
and  life  among  the  citizens  of  the  Common  wealth,"  and  believing  it 
possible  to  reduce  the  fatality  and  consequently  the  death  rate  from 
diphtheria,  not  only  by  recommending  the  use  of  this  measure  for 
the  purpose,  but  also  by  providing  the  material  for  such  use,  estab- 
lished in  October,  1894,  a  laboratory  for  the  production  of  antitoxin, 
and  appointed  Dr.  J.  L.  Goodate  of  Cambridge  to  superintend  the 
work  of  its  preparation.  The  scope  of  this  laboratory  was  soon 
afterward  enlarged,  so  as  to  embrace  general  bacteriological  work. 

Dr.  Goodale  entered  upon  the  work  with  enthusiasm,  and  the 
successful  operation  which  was  thus  secured  was  largely  due  to  his 
earnest  devotion  to  this  work.  Since,  however,  it  soon  became 
necessary  to  provide  for  additional  bacteriological  work  on  a  larger 
scale.  Dr.  Theobald  Smith,  chief  of  the  Division  of  Pathology  of 
the  Bureau  of  Animal  Industry  at  Washington,  D.  C,  was  nppuinted 
as  pathologist  of  the  Board,  to  take  charge  of  this  department. 

After  the  necessary  preliminary  steps  hud  been  taken  toward 
securing  a  continuous  supply  of  antitoxin  (providing  the  stables, 
purchasing  the  horses,  preparing  and  injecting  the  toxine,  etc.), 
the  first  quantity  of  antitoxin  of  a  sufQcient  strength  for  u^^e  in  the 
preventive  treatment  of  diphtheria  was  offered  for  distribution 
March,  1895,  and  the  following  circular  was  then  published  and 
distributed  to  boards  of  health  throughout  the  State  :  — 
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As  a  mntter  of  conveoieDCfl,  therefore,  the  time  embraced  in  ibis 
report  ie  made  to  include  the  full  year  endiog  with  March  31,  1896, 
since  the  general  distribution  of  antitoxiD  by  the  Board  maybe  con- 
Bidered  as  begiuning  about  one  year  earlier  than  that  date,  although 
a  few  vials  were  issued  during  the  last  week  of  March,  1895. 

Diphtheria  usually  prevails  with  cooaiderable  severity  in  the 
spring  months,  but  not  so  severely  as  in  winter;  and,  since  the 
work  of  the  same  character  proposed  for  the  city  of  Boston  was  not 
yet  in  operation,  the  demand  for  antitoxin  which  came,  not  only  from 
the  cities  and  towns  but  also  from  the  newly  equipped  contagious 
disease  hospital  of  Boston,  for  several  weeks  required  all  that  the 
Board  could  supply.  With  the  exception,  however,  of  a  few  days 
in  midsummer,  it  was  enabled  to  supply  all  that  was  demanded. 

The  compiler  recognizes,  at  the  outset,  the  extreme  difficulties 
attending  the  analysis  of  the  results  of  the  use  of  antitoxin,  and 
has  therefore  availed  himself  of  the  recognized  authorities  upon  the 
subject,  and  has  followed  their  methods  as  closely  as  possible  in  pre- 
senting these  results, 

Scarcely  any  subject  in  medicine,  requiring  careful  analysis,  pre- 
sents 80  great  a  multiplicity  of  limiting  conditions  and  circumstances. 
For  example,  the  diagnosis  of  the  disease,  the  age  and  sex  of  the 
patient,  the  severity  of  the  attack,  the  time  elapsing  before  the 
employment  of  antitoxin,  the  previous  condition  of  the  patient, 
the  quantity  and  strength  of  the  serum  employed,  the  existence  of 
complications  and  of  surgical  operations  performed  upon  the  patient, 
—  each  and  all  of  these  conditions  afiect  the  result,  and  some  of 
them  to  a  very  important  degree. 

In  Dr.  Welch's  admirable  monograph  on  the  "  Treatment  of 
diphtheria  by  antitoxin"  a  summary  is  presented  which  gives  the 
results  of  the  use  of  antitoxin  in  7,166  cases  of  diphtheria.  This 
consists  of  the  experience  of  83  observers,  widely  separated,  in  dif- 
ferent parts  of  the  world,  including  France,  Germany,  Austria, 
Belgium,  Switzerland,  England  and  America.  The  deaths  were 
1,23!*,  or  17.3  per  cent,  o(  the  whole  number  of  cases.  It  was 
estimated,  from  observations  recorded  by  these  same  authorities, 
that  the  mean  fatality  in  the  same  places  and  under  similar  con- 
ditions, before  the  introduction  of  antitoxin,  was  42.1  per  cent. 
But  the  foregoing  figures  are  very  largely  quoted  from  hospital  prac- 
tice, wherein  the  fatality  is  invariably  and  for  obvious  reasons  greater 
than  that  which  occurs  in  general  private  practice. 


No.  34.]    PRODUCTION  AND  USE  OF  ANTITOXIN.         693 

used  for  immunizing;  fourth,  a  small  allowance  must  be  made  for 
breakages  of  bottles  and  for  packages  remaining  unused  on  deposit 
^vith  boards  of  health. 

The  first  bottles  of  eerum,  issued  near  the  close  of  March,  1895, 
contained  twenty  cubic  centimeters  of  serum  each,  and  for  several 
months  this  quantity  was  put  into  each  vial ;  but|  as  the  strength  of 
the  serum  was  increased,  the  size  of  the  receptacle  was  diminished, 
first  to  fifteen  cubic  centimeters  and  fiaally  to  ten  cubic  centimeters, 
the  latter  size  being  at  present  employed  exclusively,  for  the  pur- 
pose of  containing  the  quantity  of  serum  most  convenient  for  im- 
mediate use,  since  it  is  essential  to  its  proper  employment  that  no 
portion  of  the  contents  should  be  reserved  for  future  use  after  a 
bottle  has  once  been  opened,  unless  such  reserved  portion  be  used 
within  a  few  hours  (twenty-four  hours  at  the  extreme  limit)  after- 
ward. 

The  total  amount  of  antitoxin  serum  issued  by  the  Board  during 
the  year  ending  March  31,  L896,  wna  1,724  bottles,  containing  in 
all  about  30,000  cubic  centimeters  of  serum,  the  strength  of  which 
varied  from  sixty  to  one  hundred  unite  in  each  cubic  centimeter. 

The  serum  was  distributed  to  the  cities  and  towns  as  follows:  — 

Shotting  Number  of  Bottles  of  Diphtheria  Anliloxin  distributed  to  the  Different 
Towns  and  Cities  from  March  23, 1895,  to  April  1, 1896. 
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tywing  Number  of  BoUUs  of  Diphtheria  Anliloxin  dislrtbatcd  to  the  Different 
Temma  and  Cities  from  March  23,  3895,  to  April  2, 1896  —  Concluded. 
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It  waB  distributed  to  the  following  hospitals,  in  accordance  with 
the  demand  from  them  :  — 

In  Boston,  the  City  Hospital  for  Contagious  Diseases,  the  Chil- 
dren's Hospital,  the  Massachusetts  General  Hospital ;  in  Cambridge, 
to  the  Cambridge  Hospital  (contagious  ward)  ;  in  Newton,  to  the 
Newton  Hospital;  in  Lynn,  to  the  Lynn  Hospital  for  Contagious 
Diseases  ;  in  Waltham,  to  the  Waltbam  Hospital ;  tn  Brookline,  to 
the  Brookline  Hospital  for  Contagious  Diseases ;  in  Pittsfield,  to 
the  House  of  Mercy ;  in  Westborough,  to  the  Lyman  School  for 
Boys. 

The  board  of  health  of  Worcester  and  the  House  of  Mercy  at 
Pittsfield  lent  their  efficient  co-operation  by  acting  as  distributing 
centres  for  the  smaller  neighboring  towns. 

In  order  that  the  results  of  the  use  of  the  serum  issued  by  the 
Board  might  be  known  as  fully  as  possible,  a  blank  form  was  pre- 
pared and  issued  with  each  package  of  antitoxin,  of  which  the  fol- 
lowing is  a  copy  :  — 


Blank  v 


Habbachvsettb  State  Board  or  Health. 
I  Becordinq  Treatment  with  Diphtheuia  Antitoxin. 


Name  of  aUeDding  physician, 

Address, 

Name  of  patient. 

Address, 

Resnltaof  bacteriological  examination, 

PhjBJcal  condition  of  patient  previous  to  present  iltness, 

Date  when  Bymploros  Qret  appeared. 
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and  to  separate  those  where  a  bacterial  diagnosis  was  made  by 
culture  from  those  where  do  such  examiuatioD  was  made.  Of  the 
former  there  were  289  returDs  and  of  the  latter  there  were  273. 

Gates  in  which  a  Bacterial  Examination  was  made.  — It  is  desir- 
able to  divide  this  class  lEto  two  groups,  —  those  in  which  the 
diftgnosis  was  positive  and  those  in  which  it  was  negative.  There 
were  2t>2  cases  in  which  the  diagnosis  wna  positive,  as  shown  by 
cultures  taken  from  the  throat,  and  of  this  number  36  died,  or 
13.7  per  cent,  of  the  whole  number  of  positive  cases. 

Sex. — The  number  of  malea  was  125,  and  the  deaths  of  these 
vrere  18,  or  14.4  per  cent.  The  number  of  females  was  135,  and 
the  deaths  of  these  were  17,  or  12.6  per  cent.  The  sex  of  two  was 
□ot  stated. 

Ages.  —  By  ages  the  numbers  and  the  deaths  were  as  follows  :  — 
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13.7 

Day  of  lUneii  token  Anlitoxin  was  Jirst  administered. 


5th  day,  22.2 
6lh  •■  20.0 
7lh    "    33. S 


In  many  instances  the  day  of  administration  was  not  stated.  The 
foregoing  table  relates  only  to  those  cases  in  which  the  day  of  illness 
was  noted  on  which  the  antitoxin  was  used. 

Negative  Cases.  —  There  were  also  27  cases  in  which  the  bacterial 
examination  gave  either  a  negative  or  a  doubtful  result  (23  negative 
and  4  doubtful),  and  the  deaths  among  these  were  5,  or  18.5  per 
cent. 

The  fatality  of  positive  cases  treated  in  hospitals  was  as  follows  : 
cases,  85  ;  deaths,  15,  =  17.6  per  cent. ;  in  private  practice,  cases, 
175  ;  deaths,  21,=  11.9  per  cent. 
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5.  Female,  one  year,  four  ihodUib  (Dec.  2,  1895).  TreatineDt  begun 
fourth  da;  of  itiDees.  General  coDdition  bad ;  membrane  on  both  tonsils ; 
purulent  discharge.  Throat  clear  on  third  day ;  hoarseneaa,  cough,  dysp- 
noea and  stenosis ;  glands  enlarged ;  pulse  weak.  Intubation  on  fifth  day ; 
death  during  intabation.     Antitoxin,  8  cubic  centimeters  on  fourth  day. 

6.  Male,  tvrenty>foar  years  (Oct.  16,  1895).  Treatment  begun  third 
day  of  illness.  Great  cyanosis  and  prostration  ;  membrane  on  both  tonsils 
aod  right  portion  of  pharynx ;  hoarseness,  cough  and  dyspnisa ;  pulse 
weak,  100-140,  temperature,  100-102;  considerable  prostration.  Anti- 
toxin, third  day,  morning,  12  cubic  centimeters;  afternoon,  8  cubic  centi- 
meters.    Death,  fifth  day. 

7.  Male,  fire  years,  six  months  (Oct.  7, 1895).  Membrane  over  tonsils 
and  arches ;  glands  enlai^ed ;  pulse  irregular  and  intermittent ;  paralysis 
of  heart ;  death.  Eruption  on  whole  body,  like  scarlet  fever.  Antitoxin, 
15  cubic  centimeters  (day  not  stated),  5  cubic  centimeters  on  folloning 
day. 

8.  Female,  four  years  (Sept  21,  1895) .  Treatment  begun  second  day 
of  illness.  Prostration  marked ;  membrane  on  both  tonsils  and  half  arches ; 
glands  mnch  enlar^d;  pulse  very  weak ;  urine  albuminous;  deli rinm  and 
death.  Antitoxin  on  second  day,  15  cubic  centimeters.  Extravasated 
blood  spots  on  body  after  injection. 

9.  Female,  eight  years  (Sept.  27,  1895).  Toxiemia  from  outset; 
membrane  on  tonsils,  uvula  and  posterior  pharynx;  profuse  nasal  dis- 
charge ;  marked  swelling  of  glands ;  pulse  rapid  and  weak.  Death  on 
fourth  day.    Antitoxin,  30  cubic  centimeters. 

10.  Male,  nine  months  (Sept.  7,  1895).  Treatment  begun  fourth  day 
of  illness.  Temperature,  103-104;  pulse,  160-175.  Extreme  septic  ap- 
pearance; prostration;  no  membrane;  coryza;  increasing  nasal  disoharge  ; 
dyspnoea;  glands  very  much  enlarged  on  both  sides.  Antitoxin,  10  cubic 
centimeters  on  fourth  day. 

11.  Male,  nine  months  (June  25,  1895).  Treatment  begun  fifth  day 
of  illness.  Temperature,  101.5-102.1;  pnlee,  HO-170;  marked  pros- 
tration ;  boarseneBS,  cough  and  dyspnosa ;  glands  swollen  and  tender ; 
heart  weak  and  rapid.     Antitoxin,  12  cubic  centimeters  on  fifth  day. 

12.  Male,  nine  years  (Sept.  4,  1895).  Treatment  begun  second  day 
of  illness.  Temperature,  99-101;  pulse,  100-120.  Slight  prostration; 
membrane  on  tonsils,  uvula  and  posterior  wall  of  pharynx;  not  separat- 
ing ;  hoarseness  and  dyspnoea ;  glands  enlarged ;  heart  normal ;  nrine 
normal.     Antitoxin,  10  cubic  centimeters  on  second  day. 

13.  Male,  three  years.  Treatment  begun  April  7,  1895,  sixth  d^y  of 
illness.  Temperature,  99.4-100.5;  pulse,  104-135;  drowsy;  no  mem- 
brane ;  coryza  on  sixth  day,  less  on  seventh  day ;  glands  entailed  ;  bron- 
cho-pn  en  moni  a.  Antitoxin,  20  cubic  centimeters  sixth  day,  20  cubic 
centimeters  seventh  day. 


:  BOARD  OF  HEALTH. 
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21.  Female,  three  and  ODe-half  years  (admitted  May  1,  1895).  Treat- 
ment begun  fourth  day  of  illnesB.  Temperature,  99  ;  pulse,  134  ;  Blight pro»- 
tratioD ;  membrane  on  both  toDBits  and  in  pharynx  :  tbroat  nearly  clear  on 
eeventb  day;  tonsils  slightly  enlarged;  heart  rapid;  urine  albuminous; 
bronchitis.  Antitoxin,  15  cubic  centimeters  on  fourth  day.  Bemoved 
from  another  hospital  without  consent  of  physician. 

22.  Female,  four  years  (admitted  June  11,  1895).  Treatment  late. 
Temperature,  103;  pulse,  120;  general  condition  bad  ;  membrane  on  uvula 
and  tonsils,  separating  ;  dyspnoea  ;  glands  not  swollen  ;  heart  weak.  Anti- 
toxin,  20  cubic  centimeters  (1-50,000).  Injection  delayed  on  account  of 
objections  of  family.  Death  from  suffocation  four  and  one-half  hours 
after  injection. 

23.  Female,  nine  years  (admitted  July  12,  1895).  Treatment  begun 
second  day  of  illness.  Temperature,  101.2-103  ;  pulse,  60-150  ;  general  con- 
dition good  ;  some  prostration ;  membrane  on  left  tonsil  and  soft  palate ; 
glands  of  neck  swollen;  pulse  regular,  rapid;  urine  normal;  thin,  glairy 
discharge  from  moutb.  Antitoxin,  12  cubic  centimeters  on  second  day, 
12  cubic  centimeters  on  second  day,  13  cubic  centimeters  on  third  day. 

24.  Female,  two  years  (admitted  May  3,  1895,  fifth  day  of  illness). 
Temperature,  102.3 ;  pulse,  126 ;  membrane  thick  on  both  tonsils ;  hoarse- 
ness and  dyspncea;  glands  slightly  swollen;  circulation  poor;  prostra- 
tion; complicated  with  sepsis.  Antitoxin,  20  cubic  centimeters  on  fifth 
day. 

25.  Male,  six  years  (admitted  May  9,  1895).  Temperature,  98-101 ; 
pulse,  100-132;  great  prostration;  membrane  thick  on  tonsils,  uvula, 
pharynx  and  soft  palate,  separating  third  day  after  admission  to  hospital ; 
hoarseness  and  dyspnoea;  glands  enlarged;  pulse  weak.  Antitoxin,  20 
cubic  centimeters  May  9,  a.u.,  20  cubic  centimeters  May  9,  p.m.,  20  cubic 
centimeters  May  U. 

26.  Female,  one  year,  six  months  (admitted  April  26,  1895).  Tem- 
perature, 99,4-104;  pulse,  110-160;  considerable  prostration;  membrane 
on  tonsils  and  uvula  ;  purulect  discharge  from  nose  ;  separating  April  29  ; 
glands  swollen  ;  broncho-pneumouia,  complicated  with  sepsis.  Antitoxin, 
12.5  cubic  centimeters  April  26,  12.5  cubic  centimeters  April  27. 

27.  Female,  one  year,  six  months  (admitted  April  29,  1895).  Tem- 
perature, 98.4-102;  pulse,  120-160;  slight  prostration;  membrane  on 
tonsils;  no  change;  glands  swollen;  urine  albuminous;  sepsis  May  4; 
extreme  prostration  May  3.     Antitoxin,  20  cubic  centimeters  April  29. 

28.  Female,  six  years  (admitted  May  15,  1895).  Temperature,  98- 
101.8;  pulse,  68-140;  extreme  prostration;  thick  membrane  over  both 
tonsils,  uvnia  and  soft  palate;  purulent  discharge  from  nose;  epistaxis ; 
no  improvement ;  hoarseness,  cough  and  dyspnoea ;  glands  slightly  swollen ; 
pulse  weak ;  heart  failure  May  22 ;  complicated  with  scarlet  fever.  Anti- 
toxin, Gtbier's,  May  15,  25  cubic  centimeters;   S.  B.  H.,  May  16,  25 
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An  exact  etatement  cannot  be  mude  as  to  the  atrengtb  of  the 
serum  used  in  each  of  the  foregoing  vnses,  but  it  may  be  eaid  in  geo- 
eral  terms  that  those  treated  before  Jaa.  1,  1896,  were  treated  with 
the  weaker  serum,  1  to  50,000,  and  the  remainder  with  the  stronger 
serum,  1  to  75,000  or  1  to  100,000. 

The  value  of  antitoxin  na  a  therapeutic  agent  cannot  be  deter- 
mined by  figures  alone.  The  varied  circumstances  and  conflicting 
conditions  which  surround  and  influence  any  case  of  diphtheria  are 
so  great  that  we  are  compelled  to  seek  other  sources  of  information 
than  those  which  are  purely  statistical  in  their  character. 

The  clinical  experience  of  the  multitude  of  observers,  who,  in  hos- 
pital and  in  private  practice,  during  the  past  two  years  have  testified 
to  its  value,  must  be  weighed  and  considered  in  connection  with  the 
statistical  facts  presented. 

Dr.  Mason  makes  the  following  statement  relative  to  the  use  of 
antitoxin  at  the  Boston  City  Hospital  in  1895  :  — 

If  we  compare  this  death-rate  from  diphtheria  of  11  per  cent,  since  the 
introduction  of  antitoxin  with  that  of  a  death-rate  !□  the  hospital  of  40  per 
cent,  before  the  introduction  of  aatitoxin,  there  can  be  but  one  opinion  re- 
garding the  efficacy  of  the  remedy. 

The  change  in  the  appearance  of  diphtheria  wards  since  the  introduction 
of  the  use  of  antitoxin  has  been  very  marked.  In  making  a  visit  one  can- 
not help  being  struck  with  the  bright  and  cheerful  appearance  of  the  chil- 
dren.* 

One  of  the  most  noted  German  authorities  (Baginsky)  says  ;  — ■ 

Naked  figures  are  ao  little  the  expression  of  the  endless  variations  of 
cUnicat  observation,  of  all  those  fortunate  and  unfortunate  accidental  cir- 
cnmstanceB  which  pertain  to  the  constitution  and  nutrition  of  the  patient, 
and  of  the  complications  and  difficulties  which  may  bring  danger  in  a  mild 
attack,  or  lead  to  a  snccessfut  iasue  an  apparently  severe  attack,  that  to 
the  clinical  observer  such  figures  appear  of  little  value,  in  comparison  with 
the  treasure- house  of  hia  accumulated  experience. 

One  of  the  most  convincing  proofs  of  the  value  of  antitoxin  is 
mentioned  by  the  same  writer,  in  what  he  terms  an  involuntary 
experiment,  "where,  in  consequence  of  an  interruption  of  the  use 
of  antitoxin  at  a  well-known  hospital,  in  consequence  of  the  failure 
of  the  supply,  for  a  period  of  a  few  weeks  the  mortality  among  the 
diphtheria  patients  immediately  rose  again  to  its  former  height." 

•  BoatOQ  Medical  >nd  Bniglcal  Journal,  F«b.  13, 1B96,  p.  178. 
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"Child  recovered.  This  was  one  of  those  cases  that  usually  provea 
fatal  in  about  twenty-fonr  hours  under  the  old  treatment." 

"  Action  of  autitoxin  marvellouB." 

"  My  cases  have  fortunately  done  well,  and  it  eeems  to  me  to  be  due  to 
the  prompt  use  of  the  antitoxin."     (A  physician  of  thirty  years'  practice.) 

"  In  this  family  there  occurred  seven  caaes  of  diphtlieria.  I  am  satisfied 
that  without  antitoxin  I  should  have  lost  four  of  them." 

"  This  patient  began  to  improve  after  using  antitoxin." 

"Since  last  December  I  have  treated  thirty-tno  cases  of  true  diphtheria ; 
the  first  eight  without  antitoxin,  of  which  four  died  ;  and  the  remaining 
twenty-four  with  antitoxin,  With  only  one  death.  At  least  half  of  the  last 
series  of  cases  were  as  severe  as  the  Brst  eight." 

"A  physician  of  more  years  in  experience  than  myself,  who  saw  the 
patient  the  day  of  the  injection,  considered  that  the  case  was  hopeless 
witliout  the  antitoxin." 

"Antitoxin  saved  this  child's  life." 

"Rapid  improvement  from  time  of  injection." 

The  following  conclusions  and  recommendations  are  selected  fronj 
the  work  of  Buginsky,  already  quoted,  in  coasequence  of  their  prac- 
tical value :  — 

3.  The  antitoxin  has  proved,  from  the  Brst,  an  efficient  and  the  best 
means  fur  the  prevention  of  diphtheria. 

i.  The  technique  of  injection  corresponds  with  that  of  ordinary  subcu- 
taneous injections,  and  in  like  manner  presupposes  the  strict  employment 
of  aseptic  methods. 

5.  (a)  The  serum  acts  most  successfully  the  sooner  it  is  applied  after 
the  first  appearance  of  illness.  A  combination  of  its  use  with  the  ordinary 
aseptic  local  treatment  of  diphtheria  is  entirety  rational,  and  is  recom- 
mended for  practical  use.  By  this  combined  method  we  have  succeeded  in 
diminishing  tlie  fatality  to  one-third  of  its  former  rate. 

(b)  The  dose  depends  on  the  early  or  late  period  of  its  employment,  the 
severity  of  illness  and  the  age  of  the  patient.  It  varies  from  600  to  4,000 
antitoxin  units.  Au  advantage  is  gained  by  using  the  whole  dose  at  the 
outset.     Nevertheless,  In  stubhorn  cases  an  increased  dose  may  be  given. 

6.  The  effect  of  the  remedy  is  manifest  in  the  limitation  and  arrest  of 
the  local  processes;  also  in  the  rapid  dissolution  and  removal  of  the  dis- 
eased product  and  in  the  general  improvement,  which  generally  shows  itself 
in  the  lessening  of  febrile  reaction. 

7.  The  remedy  appears  most  efUcicnt  in  non-septic  cases  of  diphtheria ; 
nevertheless,  cases  in  which  mixed  infectious  and  septic  diphtheria  are  co- 
incident are  favorably  affected  by  its  use.  A  larger  dose  is  necessary  in 
such  cases. 
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List  of  Cities  and  Touftufrom  which  Beporls  hnve  been  received  Relative  to  the  V 
of  Antitoxin,  etc.  —  CoDtlodwl. 
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As  soon  as  the  diacovery  of  the  new  remedy,  diphtheria  ant 
toxin,  was  made  known  to  the  world,  and  the  methods  of  its  ]irepar: 
tioD  were  also  made  public,  several  establishments  both  in  Euro} 
Etnd  in  America  undertook  its  manufucture,  and  dilTerent  brands  c 
antitoxin  were  offered  for  sale.  In  order,  therefore,  that  tl 
quality  of  the  different  preparations  of  so  important  a  remedy  migl 
be  determined  for  the  benefit  of  local  boards  of  health,  hospitals  ao 
physicians  in  active  practice  throughout  the  State,  the  State  Boat 
of  Health,  acting  under  the  provisions  of  the  food  and  drug  act  o 
1882,  directed  an  examination  of  the  preparations  in  the  market  i 
be  made,  and  published  the  result  in  a  circular,  of  which  the  follow 
ing  is  a  copy  :  — 

Statu  HotraB,  Bmtoit,  April  6,  18W. 

Under  authority  of  the  statates  relating  to  food  and  drug  inspection,  tt: 
State  Board  of  Health  has  examined  sacb  samples  of  antitoxin  as  ai 
offered  for  sale  in  Massachusetts,  with  the  following  results :  — 

Serum  No.  2,  Beliring.  Bottle  containing  10  cubic  centimeters  c 
serum,  of  an  advertised  Btrength  of  1,000  units.  The  test  showed  that  tb 
Beram  was  up  to  the  standard. 

Serum  of  Farke,  Davis  &  Co.  Bottle  guaranteed  to  contain  10  cnbi 
centimeters,  of  a  total  strength  of  1,000  units.  The  test  showed  that  th 
serum  was  up  to  the  standard. 
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STATISTICAL  SUMMARIES  OF  DISEASE  AND  MORTALITY. 


Id  the  last  report  of  the  Board,  the  etntietical  material  coUecte< 
by  the  Board  was  published  together  uncter  the  head  of  "  Statistica 
Summaries  of  Disease  and  Mortality."  These  summaries  comprisi 
the  6ttitistic3  obtained  from  the  authorities  of  cities  and  towns,  am 
are  partly  voluntury  and  partly  the  result  of  legal  requirements. 

They  »re  as  follows  :  — 

1.  Tke  Weekly  Mortality  Returns, — These  consist  of  the  report 
of  deaths,  which  are  made  up  weekly  and  are  sent  to  the  o£Sce  of  tb 
State  Board  by  the  registration  officials  of  cities  and  towns.  The; 
are  voluntary,  and  serve  principally  to  show  the  seasonal  prevalenc 
of  each  of  the  chief  infectious  diseases,  and  the  mortality  of  childre 
under  live  years  old  in  weekly  periods.  This  series  of  statistics  ba 
been  continued  by  the  Board  for  at  least  twenty  years,  and  has  bee 
published  as  a  summary  for  thirteen  years. 

2.  The  Rfports  of  Certain  Infectious  Diseases,  —  Diphtke^'i 
and  Croup,  Scarlet  Fever,  Typhoid  Fever  and  Measles.  —These  ai 
obtained  from  the  annual  reports  of  local  boards  of  health  for  the  yet 
1895,  which  are  forwarded  to  the  State  Board  from  cities  and  towni 
By  comparing  the  numbers  of  reported  cases  with  the  reported  deathi 
the  mean  fatality  of  each  disease  in  the  places  from  which  the  reporl 
are  made  is  obtained  with  a  reasonable  degree  of  accuracy. 

3.  Reports  of  Cities  and  Towns,  made  under  the  Provisions  q 
Chapter  302  of  the  Acts  of  1893.  —  By  this  act  each  local  boar 
of  health  is  required  to  report  to  the  State  Board  every  case  c 
*'  disease  dangerous  to  the  public  health"  which  is  reported  to  tl 
local  board.  A  digest  of  these  reports  is  presented  in  the  followin 
Summary  (No.  III.). 

4.  Reports  made  under  the  provisions  of  Chapter  218  of  ti 
Acts  of  1894.  —  The  full  reports  of  deaths  occurring  in  each  cil 
and  ti>wn  having  over  5,000  inhabitants  comprise  another  series  ( 
returns,  which  are  summarized  in  No.  IV.  These  reports  are  mat 
under  the  requirements  of  the  following  statute  :  — 

[ACTB  or  IBM,  CnAPTKB  218,  Seotioh  3.] 
In  eacfa  cit^  and  town  baring  a  population  of  more  than  five  thoiieai 
inhabitants,  as  determiaed  by  the  laal  census,  al  least  one  member  of  sa 
board  shall  be  a  physician,  and  the  board  shall  send  an  annual  report 
the  deaths  in  such  town  to  the  State  Board  of  Health.  The  form  of  au 
reports  shall  be  prescribed  and  fumiahed  by  the  State  Board  of  Health. 
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The  data  embraced  id  this  nummary  are  the  foUowiog:  — 

Average  height  of  barometer  for  each  week. 
Mean  maximDm  temperature. 
Mean  minimam  temperature. 
Rainfall  expressed  in  inches. 
Humidity. 

Total  deaths  reported  for  each  week. 
Deaths  of  children  under  Qve  jeara. 
Deaths  from  infectious  diseases. 
Deaths  from  consumption. 
Deaths  from  acute  lung  diseases. 
Deaths  from  typhoid  fever. 
Deaths  from  diarrhiaal  diseases. 
Deaths  from  scarlet  fever- 
Deaths  from  measles. 
Deaths  from  diphtheria  and  croup. 
Deaths  from  puerperal  fever. 
Deaths  from  whooping-cough. 
Deaths  from  malarial  fever. 
Deaths  from  small- pox. 
Deaths  from  erysipelas. 

The  following  table  preseDts  a  summary  of  the  statistics  compiled 
from  the  weekly  mortality  returns :  — 
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10,  aad  the  least  number  waa  110,  in  the  week  ending  June  2d. 
The  ratio  of  the  deaths  of  this  class  to  the  total  mortality  was  34.9 
percent.,  which  was  slightly  less  than  that  of  the  preceding  year 
(36.1  percent.).  The  average  weekly  number  of  deaths  of  chtldreQ 
under  five  years  of  age  by  months  was  as  follows  :  — 


January, 
February, 

May,  . 
Jnne, . 


July,  . 

August, 

September, 

October, 

November, 

December,  . 


The  months  having  the  greatest  number  of  deaths  of  children 
under  five  years  of  age  were  July,  August  and  September,  and 
those  having  the  least  number  were  June,  Xovember  and  December. 

The  relation  of  the  death  rate  of  children  under  five  years  of  age 
to  the  death  rate  at  all  ages  is  fiilly  illustrated  in  the  diagram  upon 
page  721  of  the  twenty-third  annual  report  (1891),  where  the  mean 
death  rate  per  week  for  a  series  of  nine  years  is  given.  The  irregu- 
larities in  the  death  rate  at  all  ages  in  different  seasons  of  the  yeai 
ia  shown  to  be  very  largely  produced  by  the  marked  changes  in  the 
death  rate  of  children, 

CONBDMPTION. 

The  number  of  reported  deaths  from  consumption  was  3,119,  and 
the  weekly  average  was  60.  The  greatest  number  of  deaths  reported 
from  this  cause  in  a  single  week  was  88,  in  the  week  ending  Feb- 
ruary 23,  and  the  least  number  was  41,  in  the  weeks  ending  June 
29,  August  3  and  August  17. 

The  average  weekly  number  of  reported  deaths  from  this  cause  in 
each  month  was  as  follows :  — 


January, 

February, 

May,'  . 
June,   . 


56 


July.    . 
August, 
September,  , 
October, 
November,  . 
Decembsr,   . 


The  months  having  the  greatest  number  of  deaths  from  this  causf 
were  February  and  March,  and  those  having  the  least  were  Julj 
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from  ucute  lung  diseases  to  the  reported  mortality  from  all  causes 
was  135.9  per  1,000.  The  estimated  death  rate  per  1,000  of  the 
reportJDg  populatioa  from  tbeae  causes  was  2.63,  as  compared  with 
2.42  for  the  previous  year. 

TYPHoro  Fever. 
The  total  number  of  reported  deaths  from  this  cause  was  405,  and 
the  weekly  average  was  8.  The  greatest  number  reported  in  any 
single  week  from  this  cause  was  23,  in  the  week  eodiug  September 
28 ;  and  the  least  number  was  2,  in  the  weeks  ending  January  19, 
February  2,  16,  23  and  June  29.  The  average  weekly  number  of 
deaths  reported  from  this  cause  for  each  month  was  as  follows  :  — 


Janaary, 
Febniary, 

Maj,     . 
June,   . 


Jalj,    . 
August, 
September,  . 
October, 
November,  . 
December,    . 


12 


The  months  having  the  greatest  number  of  reported  deaths  from 
this  cause  were  August,  September  and  November,  and  those  hav- 
ing the  least  were  January,  February  and  May.  The  ratio  of  re- 
ported deaths  from  typhoid  fever  to  the  reported  mortality  from  all 
causes  was  14.0  per  1,000,  and  the  ratio  to  the  reporting  population 
was  .27  per  1,000,  as  compared  with  .28  in  tbe  previous  year. 


Diphtheria  and  Croup. 
The  total  number  of  reported  deaths  from  diphtheria  and  croup 
in  1895  was  1,289,  and  the  average  number  in  each  week  was  25. 
The  greatest  number  reported  in  a  single  week  from  these  combined 
causes  was  50,  in  tbe  week  ending  November  9  ;  and  tbe  least  num- 
ber was  6,  in  tbe  week  ending  July  6.  Tbe  average  weekly  number 
of  reported  deaths  from  these  causes  for  each  month  was  as  follows  :  — 


January, 
February, 
March, . 

May,     . 


July.    , 

September,  . 
October, 
November,  . 
December,   . 


The  months  having  the  greatest  number  of  reported  deaths  per 
week  from  these  causes  were  January,  November  and  December, 
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DlABBQCEAL    DISEASES. 

Xbe  diseases  id  this  group  are  diarrhoea,  dyaeDtery,  cholera 
morbus  and  cholera  infaotum.  From  these  causes  combiDed  the 
number  of  deaths  reported  in  1895  was  2,153,  and  the  weekly  aver- 
age number  was  41.  The  greatest  number  reported  ia  a  single 
week  was  193,  Id  the  week  eadtng  August  8,  and  the  least  number 
waB  2,  in  the  week  ending  January  19.  The  average  weekly  num- 
ber of  reported  deaths  from  these  causes  in  each  month  was  as 
follows :  — 


Januaiy, 
February, 
March, 

May,  . 


July.  . 
August,  . 
September, 
October,  . 
November, , 
December, . 
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The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  in  1895  were  July,  August  and  September,  and  those 
having  the  least  were  January,  February  and  April.  The  deaths 
from  these  causes  in  the  third  quarter  of  the  year  constituted  77.7 
per  cent,  of  the  number  of  deaths  from  the  same  causes  for  the 
entire  year.  The  ratio  of  reported  deaths  to  the  reported  mortality 
from  all  causes  was  74.29  per  1,000,  and  the  death  rate  of  the 
reporting  population  from  these  causes  was  1.44,  as  compared  with 
1.62  in  1894. 


Whoopinq-codgh,  Malarial  Fever,  Erysipelas  and  Pderperal 
Fevers. 
The  essentiat  statistics  relating  to  these  four  diseases  are  embraced 
in  the  following  table :  — 


^i.'Si!" 

W^lj 

orBiporud 

Whooping-cough,    .... 

Erjsipelas 

Puerperal  fever,      .... 
Makrial  fever,         .... 

138 
66 
35 
11 

2.6 
1.3 

.7 
.2 

4.42 
2.30 
.12 
.38 

.086 
.044 
.023 

.007 
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Cotes  of  Infedioua  Dittatet,  etc. —  Continued. 
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The  cities  and  towns  embraced  in  the  foregoing  table  are  84  in 
□umber,  or  8  more  than  those  presented  in  the  previous  year,  and 
14  more  than  thoae  which  rei>orted  for  ItildS.  They  comprise  at 
least  three-fourths  of  the  population  of  the  State. 

The  list  contains  the  names  of  cities  and  towns  containing  about 
175,000  more  inhabitants  than  those  which  were  reported  last  year, 
while  one  important  city  of  about  50,000  population  is  omitted. 

Bearing  these  changes  in  mind,  the  reported  cases  from  diphtheria 
and  croup  were  much  in  excess  of  those  of  any  of  the  previous  years 
embraced  in  the  report,  but  the  fatality  (18.d)  was  much  less.  Com- 
ment upon  these  figures  will  be  found  elsewhere. 

The  reported  cases  of  scarlet  fever  were  considerably  less  than 
those  reported  in  1894,  and  the  fatality  (5  9  per  cent.)  was  less. 

The  reported  cases  of  typhoid  fever  were  less  than  those  of  1894, 
and  the  fatality  (17.2)  was  but  slightly  greater. 

The  reported  cases  of  measles  were  two  and  one-half  times  aa 
many  as  those  reported  in  1894,  and  the  fatality  (1.5)  was  less. 

The  figures  for  1895  are  aa  follows :  — 

Reported  cases  of  dipbtberia  and  croup, 7fi&6 

Reg^sMred  dealha  from  dipbtberia  and  croup  in  the  same  cities  and  towns,  1,484 

Fatality  (per  cent.) 18.9 

Reported  cases  of  scarlet  fever, 6,050 

Registered  deaths  from  scarlet  fever  in  the  same  cities  and.towos,      .        .  357 

Fatality  (per  cect.) 6.9 

Reported  cases  of  typhoid  fever, 2,665 

Registered  deaths  from  typhoid  fever  in  the  same  cities  and  towns,    .        .  458 

Fatality  (per  cent.) 17.2 

Reported  cases  of  measles 6,038 

Regi9t«red  deaths  from  measles  in  the  same  cities  and  towns,     ...  75 

Fatality  (percent), 1.6 

The  following  table  presents  the  summary  of  these  statistics  for 
the  five  years  1891-1895  :  — 

Reported  Cases  of  Infectious  Diseases  in  Massachusetla. 
Diphiheria  and  Croup. 
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Gener&l'B  retaniB  do  not  aepa»te  the  deaths  from  those  doe  to  spasmodio 
croup,  which  is  not  a,  notifiable  disease.  It  is  believed,  however,  that 
when  eases  of  membranous  cronp  prove  fatal  they  are  often  registered  as 
from  diphtheria. 

ENGLAND. 
[Loal  QonmiiMiil  Boud  flfiiTM.] 
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The  following  figures  preseDt  the  fatality  from  diphtheria,  scarlet 
fever  and  typhoid  fever  !□  England,  as  reported  by  the  Local  Grov- 
ernment  Board  of  England  for  the  years  1890-94  :  — 
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Seasontd  Distribution.  —  By  mootha  these  diseases  were  reported 
as  follows  in  1895:  — 


Casa  of  Infeaiou*  Dittaaa  reported  to  the  BtaU  Board  of  Health 
in  1898. 

by  Months 
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Id  order  that  the  foregoing  figures  may  bo  interpreted  with  greater 
fiicilily,  the  following  table  is  appended :  — 

Iniensily  of  Prevalence. 
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for  the  purpose  of  presenting  the  reports  of  each  month  upon  a  uni- 
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033 

IIB 

34R 

EollkiUn, 

S9 

" 

3t 

C»olo 

S 

1 

- 

Hnd«n.   . 

- 

CsrllaK    ■ 

- 

1 

- 

- 

Hn«.         . 

Crrer,     .       .       . 

» 

. 

1l.*«lch.  . 

a 

77 

- 

IT 

a 

- 

Klonton, 

1 

Cbblsbi, 

IM 

iza 

s 

IS 

Lueutof, 

4e 

Clinton,     .       .       . 

1 

3 

- 

LlWSIHCB, 

103 

lil 

OoBWrd.  .         . 

S 

« 

a 

1 

Lcl««Ur, 

4 

Conw.y,  , 

1 

ITO 

L*noi,      . 

1 

D.nT.n, .        .       . 

1 

n 

s 

11 

LMDlDlMr, 

13 

Dwltuiii.  .       .       . 

u 

u 

I 

11 

l,eyd»D,    . 

- 

WthtOT,  .        .       . 

11 

s 

- 

- 

LailDjton, 

4 

Dov«r,      .       .       . 

- 

t 

- 

Lincoln.  . 

* 

DudW.    .       .       . 

1 

7 

- 

Lnn^Onr,. 

S 

Dniburr, 

1 

3 

- 

- 

LTH».        . 

331 

1«3 

104 

m 

Eul  BrldgaviUr,  . 

- 

19 

Ualdin,  . 

40 

3t 

31 

3 

S3 

3 

MB 

- 

13 

- 

UmnchHler, 

1 

Xrii«,.     .        .       . 

1 

fi 

UiinhB.id. 

3 

Btibitt.         .       . 

u 

U 

IS 

4S 

Uijnnrd, 

1 

7»lihir(D, 

t 

- 

UIDFOBD, 

78 

Ig 

FiLI.  RlTIB,    .          . 

M 

i»e 

» 

- 

MelroM,  . 

« 

rrrcHBDBB,       . 

JT 

u 

It 

SI 

P»i1»»n|b.    .       . 

M 

31 

1 

-     Ullfotd,    . 

33 

Frutllo, .       .       . 

M 

- 

* 

70  ]l  UlllbQrr, . 

11 

GlOlICIiTBB.  . 

IM 

lU 

Si 

-   '  Milton.      . 

t 

GcnoD.  .     .     . 

u 

] 

%  ^.  U»nt.in.. 

3 

Onnrllte.         .       . 

1 

1 

- 

^ 

* 

- 

-  1  Nsir  BinroBD,     . 

m 

<M 

18 
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Health.  It  is  but  just  to  state  that  in  many  of  the  towns  named  in 
group  IV.  and  in  some  of  those  in  group  III,  it  is  quite  probable 
that  no  cases  of  infectious  disease  occurred. 

List  of  Towns  fbom  which  no  Repobts  weeb  keceived. 

/.    CMea. 

Cbicofee,  Holyokb. 


IT.     TbuiM  having 

And  over. 

Marblehcad, 

Stonghton, 

Blockstone, 

Methuen, 

Wakefield. 

Ganlner, 

Southbridge, 

Westborongh. 

Greenfield, 

Spencer, 

W«at  Springfield.— 14 

Hjda  Park, 

Stonebam, 

AblngtOD, 

Groton. 

Rochester, 

Acton, 

HiWlley. 

Salisbury, 

ABhfield. 

Hamilton, 

Sandwich, 

Avon, 

Hanover, 

Seekonk, 

Barra, 

Harwich. 

Sbefiieid, 

Hatfield. 

Shelbume, 

Belmont, 

Hoi  brook. 

Shirley, 

Brook  field. 

Holden. 

Shrewsbury, 

Buckland. 

Hopedale, 

Sonlh  borough. 

Charlemont, 

Hopkinlon, 

South  Hadl<7, 

Chnrlton, 

Hubbardston, 

Stockbridge, 

Ch&tbnro, 

HuntJngtoo. 

Sturbridge, 

Cheshire. 

Lee. 

Sudbury, 

Cheater, 

I^xington, 

Swansea, 

Clarksburg, 

LitttetoD, 

Tewksbury, 

Ciihasset, 

Ludlow, 

Tisbnry, 

Colrain, 

Mansfield, 

Topsfieid. 

Cottage  City, 

Maltapoisett, 

Town  send. 

Dalton, 

Medfield, 

Uxbi-idge, 

Dsrtmouth, 

Medway. 

Walpole, 

Deertield, 

Merrimao, 

Wareham, 

Deonls, 

Millis, 

Wayiand, 

Douglas, 

Monson, 

Wellesley, 

Dracut, 

Needham. 

We«t  Bridgewater, 

Newbury, 

West  Brookfield. 

Eii3ton, 

New  Marlborongh. 

West  Newbury, 

Edgartown, 

Northfield, 

Westport, 

Easex, 

Norwell, 

West  Stockbridge, 

Falmouth, 

Norwood, 

Wilbrabam, 

Freetown, 

Orleans, 

Williamsburg, 

Georgetown, 

Pembroke, 

Wilmington. 

Gill, 

Great  Barrington, 

Reboboth. 

IRD  OF 

>  RBPORTS  1 

^«  lAan  i, 


(le, 
trough. 


iti-oa. 


*««■, 


ca'  board  i 
irt'iag  on  ; 
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IV. 


Tbe  fullowing  summary  compriBes  the  results  obtained  from  the 
tabulatioD  of  tbe  returns  required  by  chapter  218  of  the  Acts  of 
1894,  whereby  the  board  of  health  of  each  city  and  populous  town 
is  directed  to  send  to  the  State  Board  of  Health  an  annual  etate- 
ment  of  tbe  deaths  in  such  city  or  town  upon  a  blank  form  fur- 
nished by  tbe  State  Board. 

The  whole  number  of  cities  and  towns  included  in  this  list  is 
eighty-Sve,  of  which  number  eighty  complied  with  the  statute. 
The  total  population  of  these  cities  and  towns  by  the  censua  of  1895 
was  1,971,817.  Tbe  number  of  deaths  registered  in  these  cities  and 
towns  was  37,828,  and  the  death  rate  was  19.18  per  1,000. 

-Sexes.  —  The  number  of  deaths  of  males  was  19,109,  or  50.5  per 
cent,  of  the  whole  number  of  deaths ;  and  tbe  deatha  of  females  were 
18,702,  or  49.5  percent. 

Ages.  —  The  deaths  of  infants  under  one  were  8,634,  or  22.8  per 
cent,  of  the  total  mortality ;  those  of  children  under  five  years  of 
age  were  12,425,  or  32.8  per  cent,  of  the  whole. 

In  conformity  with  the  age  distribution  recommended  by  Korosi, 
the  deaths  of  those  whose  ages  were  known  were  as  follows :  — 


AO.^ 

P.™««. 

UiKKrliMr, 

1-M> 

IT.* 

lO-W. 

4llov.rM. 

ts.t 

Months  and  Quarters.  —  The  number  of  deaths  in  each  quarter  of 
the  year  is  shown  in  the  following  table :  — 


DeUhi. 

DmUi*. 

™™.„. 

PltitqurUr,  .       .       . 
B«oa<]qD>rt<r,       .       . 

lo.isi 
io,uo 

W.T 

Pgnnhqairwr,      .      . 
D.I.  unknown,       .      . 

TMri,          .        .        . 

§,113 

10 

13.0 

Thlnl  qunrlar, . 

BJ,B2a 

lOO.O 

W: 


736         STATE  BOARD  OF  HEALTH. 

The  intensity  of  the  Beasonal  death  rate  is  sbowo 
table,  the  method  employed  being  explained  on  page 
III.,  relating  to  disease  notification. 


Seawnal  hUentUy  of  the  Death  Bate. 

Hnn  milj 

^"p.r 

,.'r'SliV 

"s-ir 

3«>a»tj 

W.T 

H.3 

ADfoM,    .... 

Fabrury, 

m.i 

m.« 

ICiroh, 

US.I 

lll.T 

Oelobw 

Aprtl. 

lD6.fi 

101.8 

M.y.. 

n.i 

M.B 

Dwiob...        .       .       . 

Jon*. 

tt.8 

(■>.> 

Anoiimtmn.  .       . 

Jnljr,. 

lOl.T 

M.1 

Catises  of  Death.  —  The  list  of  causes  of  death  e 
Bommary  includes  those  from  the  principal  infectit 
eluding  consumption,  together  with  certain  other  grou 
diseases  and  tfaose  from  violence. 

The  ratio  of  deaths  to  the  living  population  is 
since  this  method  of  presentation,  especially  in  a  c 
stitutes  a  better  method  of  indicating  the  incidence 
death  upon  the  living  population  than  the  ratio  of 
each  disease  or  cause  of  death  to  the  tottil  mortality. 

Table  I. 


(SMttCniBi.) 

R™.„Cn«.«t 

A<l«tii 

J.MT 

C-.co„..      .       .       . 

Am-bor,. 

».»M 

CllnloD 

AndoTer.  . 

MIS 

ArJlagloD, 

«^I6 

DmDTcn, 

T,»W 

Duivrn  LoDnllg  HMplU 

Allliborough, 

8.m 

IMIum.         .       .        . 

1I.S04 

Kterett,       .       .       . 

BI>ck.iM». 

*.ca» 

Pall  Ritcb, 

WO.KO 

Pitch  auM,  . 

BnlDlrH. 

6JI1 

Bbockton, 

M.l» 

rnokKD,        .       .       . 

Brook  lln>, 

l«,tM 

OirdMr, 

S1.«M 

C»«iJW.. 

S1.2M 

a»«fl.ld.     .        .       . 
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Table  I  —  Concluded. 


..™.c,„..„.,o™. 

(suii^™) 

(Bi.m'SLu.) 

BArskBiLi, 

•».*» 

P,^„^I. 

SD.«l 

HadKD 

8^ 

Pimwoth 

7,I»6I 

HyddFirk 

ll.K« 

Q»n«ci 

«i,n3 

LAWBmMCB 

M.1S1 

K«v.« 

j.4ra 

LMimlDiMr 

B^n 

RoekluHl 

1.6M 

UfiKI 

B«k|»n 

t,m 

LlUB, 

tVM 

BlLIM 

M.*T> 

MiUlBW 

».TI» 

llBrblthud 

T,OTl 

8(mibb[M|« 

«,M* 

\i.vn 

Sl«n««r. 

I.«U 

14.411 

mat 

Mel™. 

11.W 

«,3U 

1.SM 

BioafbtOD 

MTS 

HlddlsbOIOBlll 

a.iM 

TiumoK 

ai,i» 

Mw 

W>k*Biild, 

i^ 

Mlllbon' 

a,aM 

Waltbah 

10,118 

Utlloo 

t.t» 

W.». 

T.«tl 

N«tlek 

8,681 

7,78$ 

M>w  BiorOBD 

U,2fll 

W.bM.r 

7,7M 

14,U9 

WnlBaJd 

io.ia 

Wbwton 

ZT.MO 

W'y-OTtb 

ii,»i 

NOKTH  ADia 

M,l»4 

WhUnin 

8,744 

NoBTBiarroN,      ■       .       .       , 

W.1W 

t.m 

VTOBUBH 

14.I7B 

SoiMAmv 

1,IM 

••,7m 

Onuse 

MM 

Twlmti, 

pMbod; 

10.WI 

GnttoD,  Hoi; ok«,  MoDtaiae,  Weubarmiih  u 
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HEALTH   OF   TOWNS. 


The  following  digest  contaiDs  such  extracts  from  the  anoaal  reports 
of  the  local  boards  of  health  of  cities  Rnd  towns  as  pertain  to  matters 
of  sanitary  importance  in  the  different  manicipalities  from  whose  re- 
ports they  are  quoted. 

The  most  notable  point  observed  in  these  reports  is  the  uoaniniity 
with  which  local  boards  have  entered  upon  the  work  of  controlling 
the  spread  and  limiting  the  mortality  from  diphtheria  by  the  intro- 
duction of  the  use  of  antitoxin.  In  nearly  all  the  cities  and  large 
towns  and  in  many  of  the  smaller  towns  the  use  of  this  agent  has 
become  quite  general,  and  the  success  attained  by  such  use  appears 
to  have  been  uniformly  good.  It  is  to  be  hoped  that,  along  with  the 
gain  derived  from  this  additional  aid  to  the  sanitary  authority,  the 
usual  and  quite  important  measures  of  isolation,  notification,  disin- 
fection and  general  municipal  cleanliness  will  not  be  slackened  in  the 
least  degree. 

Attention  is  especially  called  to  the  statement  in  the  extract  from 
the  report  of  the  Concord  board  of  health  relative  to  the  authority 
or  jurisdiction  of  a  local  board  of  health  over  a  public  institution 
existing  within  the  limits  of  the  area  over  which  the  local  board 
of  health  acts.  There  are  at  present  many  such  institutions  and 
establishments  located  in  the  different  cities  and  towns,  and  Iheir 
number  ie  annually  increasing.  A  full  statement  of  the  question  in- 
volved has  been  published  by  the  authorities  of  the  State  Reforma- 
tory at  Concord. 

Health  of  Towns. 
Amesbcrt. 

The  election  of  the  board  of  health  was  illegal.  The  duties  of  the  board 
reverted  to  the  selectmen,  anil  they  availed  themselves  of  a  statutory  provi- 
sion and  appointed  an  agent. 

The  vault  and  cesspool  method  of  caring  for  the  sewage  has  been  in 
genernl  use  so  long  that  some  sections  of  the  town  are  saturated  with  filth, 
BO  that  in  some  instances  vault  fluids  have  leaked  through  into  adjacent 
cellars. 
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A  few  cases  of  tuberculosie  have  been  diecoTGred  io  c 
aniniBls  quarantined  and  Blaughtered  hy  order  of  the  StaU 
dairyman  should  have  hie  herd  tested,  for  it  will  be  only  : 
ooDHumere  of  milk  will  demand  a  certiBed  article. 

Diphtheria  has  been  unusually  severe,  there  having  be 
which  were  fatal.  Up  to  October  18  there  have  been  8  casi 
since  the  above  date  there  have  been  16  cases,  with  3  d 
these  16  cases  antitoxin  was  used,  with  only  2  deaths ; 
cases  BDtitoxia  was  not  used,  and  one  died.  In  one  o 
where  antitoxin  was  used  the  case  had  advanced  two  wee 
of  the  drug,  and  the  other  case  was  advanced  from  Tnesd 
ie  necessary  to  use  antitoxin  early  in  the  development  c 
get  the  best  reaults.  A  supply  of  antitoxin  is  constantly 
this  board,  and  in  cases  of  poor  families  is  furnished  free 

Andover. 

During  the  year  twenty-six  cases  of  nuisance  have  bee 
the  board.  Advice  In  regard  to  the  location  of  six  cei 
given.  Two  examinations  and  certificates  for  plumbers  hi 
and  one  permit  granted  to  keep  a  boarding-house  for  infai 

The  various  slaughter  bouses  and  rendering  establish 
under  the  supervision  of  your  Board,  and  have  been  visitc 


Arlington. 

Our  town  the  past  year  has  been  remarkably  free  from 
epidemics  of  contagious  or  other  diseases. 

Tbe  board  has  given  prompt  attention  to  all  calls  fi 
abate  nuisances  and  remedy  sanitary  defects. 

Id  most  cases  parties  interested  have  readily  respondei 
of  the  board,  with  results  satisfactory  to  all  concerned. 


AlTLBBOBODaB. 

The  present  board  early  in  tbe  year  published  a  n 
citizens  who  knew  of  any  nuisance  or  any  condition  whic 
nuisance  or  a  menace  to  the  public  health  to  notify  tbe 
Owing,  doubtless,  to  this  fact,  it  is  safe  to  say  that  thei 
cases  of  this  nature  reported  during  the  past  year  than 
year  in  the  history  of  the  town.  The  board  baa  made  a 
remedy  an  evil  which  we  believe  has,  in  the  past,  been  t 
infections  illness  in  onr  town. 
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Of  the  animals  killed  during  the  post  year  in  town  tor  beef  parpoaeB, 
t-welve  bare  been  found  to  be  afflicted  with  tuberculoeia.  Some  of  these 
aoiaials,  apparently  healtby,  have  been  used  as  milk  producers.  We  wish 
it  were  possible  to  require  every  milk  producer  to  have  his  herd  examined 
before  he  is  allowed  to  dispose  of  a  single  quart  of  milk. 


Four  cases  of  typhoid  fever  were  contracted  out  of  town,  three  occurred 
a  families  nsing  water  from  old  wells,  Qve  were  of  unknown  origin. 


Beluomt. 

The  town  has  been  remarkably  free  from  contagions  diseases  dnring  the 
past  year.  Only  one  death  occurred  during  the  year  from  contagious  dis- 
ease, that  being  from  diphtheria. 

The  completion  of  the  main  line  of  the  metropolitan  sewer  in  the  summer 
of  1895  was  a  matter  looked  upon  by  the  board  of  health  as  one  of  great 
importance  toward  promoting  the  good  sanitary  condition  of  the  town.  This 
completion  necessitated  the  adoption  of  plumbing  regulations,  which  were 
accordingly  drawn  np  by  the  board,  accepted  by  the  town  and  incorporated 
as  a  part  of  its  by-laws. 

Bill  ERIC  A. 
We  have  from  time  to  time  inspected  wells,  cesspools  and  vaults  and 
made  analyses  of  drinking  water,  both  in  the  Centre  and  North  villages, 
and  have  advised  such  cleansing  and  changes  of  coDstructioD  as  seemed  to 
be  demanded  in  the  interest  of  health.  We  cannot  too  earnestly  call  atten- 
tion to  the  importance  of  keeping  the  drinking  water  free  from  all  pollution, 
by  drainage,  from  cesspools  or  vaults. 


Blacestonb. 
During  the  year  the  board  attended  to  all  complaints  made  to  them,  and 
in  most  cases  with  good  results ;  but  in  a  few  cases  tbe  persons  to  whom 
instructions  to  abate  nuisances  were  given  did  not  promptly  attend  to  them, 
either  from  neglect  or  for  the  purpose  of  making  themselves  thoroughly 
disE^reeable.  All  cases  have  been  properly  examined,  however,  and  such 
suggestions  made  as  are  likely  to  obviate  future  cause  of  complaint. 
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CommeDdable  efforts  were  mnde  by  tbe  board  in  the  direction  of  a  gen- 
eral improvement  of  tbe  sanitary  condition  of  tbe  ecliool- bouses  of  Boston. 
In  view  of  the  fact  tbat  coDtagions  diseases  may  easily  be  spread  in  tbe 
schools  through  tbe  medium  of  infected  books,  pencils,  sponges,  slates, 
desks  and  other  surfaces  of  tbe  school-room,  bandied  or  used  by  the  chil- 
dren, the  following  recommendation  was  made  to  the  school  committee  in 
1894:  — 

To  Ihe  Honorable  School  Commi/Ue,  City  of  Boston. 

Gentlemem  :  —  The  board  of  health  begs  respectfully  to  recommend  that  the 
desks,  chairs,  window-sills,  wainscotingB,  doors,  door-kaaba  and  such  other  sur- 
faces as  are  likely  to  be  handled  by  the  children  whhin  the  school  buildings  be 
carefully  rubbed  with  cloths  or  sponges,  wet  with  a  solution  of  corrosive  subli- 
mate (one  part  of  corrosive  sublimate  to  one  thousand  parts  of  water),  as  often  as 
every  Saturday  during  the  school  year ;  that  the  floors  of  tbe  school-houses  be  well 
covered  with  sawdust  thoroughly  wet  with  the  same  disinfecting  solution,  at  least 
once  a  week,  and  Ihe  sawdust  swept  up  and  burned ;  that  the  use  of  all  elates, 
alnte-pencils  and  sponges  for  slate  use  be  discontinued,  and  that  paper  and  lead- 
pencils  be  substituted. 

The  disinfection  of  books  is  scarcely  practicable  except  by  fire,  and  the  board 
would  recommend,  whenerer  it  is  known  that  a  book  has  been  handled  by  a  pupil 
who  was,  at  the  time,  affected  with  a  contagions  disease,  or  the  book  is  otherwise 
DQUch  soiled,  it  be  immediately  burned. 

Very  respectfully. 

The  Board  dp  Health, 

By  S.  H.  DuKGtN,  Chairman. 

The  following  action  was  subsequently  taken  by  tbe  school  committee ;  — 

Report  of  CommUlee  on  Eygiene  and  Physical  Training. 

The  committee  on  hygiene  and  physical  training,  to  whom  was  referred  — 
October  27  — an  order  "that  the  committee  on  hygiene  and  physical  training 
consider  and  report  what  action,  if  any,  can  be  taken  by  this  board  to  disinfect,  or 
render  aseptic,  the  school-books  used  in  the  schools,"  report  that  careful  consider- 
ation was  given  to  the  order,  but  no  practical  method  could  be  found. 

Up  Co  this  lime  nothing  but  fire  is  considered  a  sure  disinfectant,  therefore  the 
books  could  be  rendered  aseptic  only  by  destruction  at  stated  intervals.  As  this 
committee  do  not  feel  at  liberty  to  recommend  this  action,  they  have  no  sugges- 
tion to  offer  concerning  the  disinfection  of  books;  however,  that  it  will  be  entirely 
practicable  to  discontinue  Che  use  of  slates  and  slnCe-pencils,  and  Ihe  necessary 
accompaniment,  sponges.  There  are  three  gooil  reasons  why  the  use  of  slates 
and  slate-pencils  should  be  discontinued ;  — 

First,  a  light  gray  mark  upon  a  slightly  darker  gray  surface  is  more  or  less 
indistinct,  and  trying  to  Che  eyesight. 

Second,  the  resistance  of  the  hard  pencil  upon  the  hard  slate  is  tiring  to  the 
muscles,  and  the  resistance,  to  which  the  muscles  are  trained  by  the  use  of  slates 
and  slate-pencil s,  roust  be  overcome  when  beginning  to  write  with  pencil  or  pen 
upon  paper. 
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The  foUoniDg  table  haa  been  prepared,  which  iocludeB  the  totals  from  all 
the  horses  id  the  time  that  the;  have  all  been  immnnized,  i.e.,  from  the  last 
of  Angnst,  1895  r  — 

Cubic  CvnUiiHtai 

HoreelV 2,fiOO 

Horse  V 8,600 

Horse  Vm 1,700 

Horse  IX 2,000 

Horae  X 3,600 

Horse  XI 2,600 

Total 16,700 

or  nearly  1,000  cubic  ceDtimetera  a  veek. 

There  have  been  returned  at  this  date  (Jan.  15,  1896)  reports  of  the 
results  of  the  use  of  the  aDtitozio  supplied  by  the  board  in  743  cases, 
divided  as  follows ;  — 

Recoveries, 660 

Deaths 97 

Total 647 

giving  a  mortality  of  a  shade  under  15  per  cent.,  which  Is  remarkable  when 
compared  with  the  general  mortality  of  this  disease,  never  under  27  per 
cent,  in  Boston  and  27.06  per  cent,  in  1891. 

To  the  foregoing  are  to  be  added  96  cases  in  which  the  semm  was  used 
for  immunizing,  making  a  total  of  743  cases  in  all. 

It  has  seemed  to  be  interesting  to  work  out  the  percentage  of  mortality 
in  private  practice,  bo  far  as  it  is  shown  by  our  returos.  Of  cases  in  which 
the  antitoxin  of  your  board  has  been  used  out  of  the  hospitals,  there  have 
been  reported :  — 

Recoveries,         . 72 

Deaths 7 

Total 79 

which  gives  a  mortality  of  8  per  cent. 

Garbage  Disposal. 
If  this  material  should  be  disposed  of  in  the  kitchen  there  would  no 
longer  be  any  danger  of  a  public  plant  for  tbe  cremation  or  reduction  of 
garbage  in  any  residential  district  of  tbe  city ;  there  would  be  no  more 
swill-carte  in  the  streets ;  there  would  be  llfty  thousand  less  ewill-barreU 
in  the  back  yards,  and  a  saving  of  two  hundred  thousand  dollars  annually 
to  our  city  treasury. 
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Tbe  sabject  of  mamtaiuing  batb-houeeB  all  tbe  year  roaad  was  tbe  sub- 
ject of  a  special  recommendation  by  His  Honor  the  mayor  in  bis  inaugural 
addreBB  to  the  city  council,  and  a  special  commisBion  has  since  been  ap- 
pointed by  him  to  consider  the  subject,  and  make  such  recommendations 
with  a  view  b)  eatabliahing  Bocb  accommodations  as  may  be  deemed  ez> 
pedient.  The  Bupplying  of  public  bathing  facilities  during  the  winter  as 
well  as  during  the  summer  months  has  the  cordial  approval  of  tbe  board  of 
health,  as  being  in  the  line  of  promoting  the  pnblic  health. 

Examination  of  Plumbers. 
Tbe  examining  board  held  44  meetings  and  examined  258  candidates  for 
plumbers'  licenses ;  93  were  for  master  plumbers'  licenses,  and  50,  or  52 
per  cent.,  passed  the  examination  and  were  licensed;  165  were  examined 
for  Journeymen  plnmbers'  licenseB,  and  106,  or  64  per  cent.,  passed  the 
oral  examination  and  were  notified  to  report  at  the  shop  for  a  practical  test. 
Of  the  106  candidates  who  passed  the  oral  examinations,  77  passed  snc- 
cesaful  ezaminations  in  the  shop  and  were  given  licenses. 

Lying-in  Hotpitalt. 
During  tbe  year  423  confinements  have  taken  place  In  the  licensed  hos- 
pitals, and  no  deaths  have  been  reported. 

Stahlea. 
There  were  248  applications,  and  198  were  granted. 

ProaectUioiu. 

During  the  year  there  have  been  30  prosecutions  for  violations  of  various 
health  laws.  In  these  cases  there  were  25  convictions,  2  acquittals,  2  vere 
nol-prossed  and  1  is  still  pending. 

Of  the  convictions,  perhaps  the  most  important  was  that  of  a  physician  for 
failing  to  report  a  case  of  contagious  disease  which  be  had  been  called  to 
attend.  In  this  case  a  fine  of  fifty  dollars  was  imposed  in  the  lower  court, 
and,  after  an  appeal  and  trial  before  a  jury,  the  judgment  of  the  lower  court 
was  atlirmed,  and  the  fine  increased  to  one  hundred  dollars. 

Tbe  phyBicians  of  the  board  examined  39  cases  reported  as  small-pox, 
none  of  which  proved  to  be  such. 

The  bodies  of  454  persons  dying  without  a  physician  were  also  examined, 
to  determine  the  causes  of  death. 

Animais  killed  ai  Abattoir . 

CatUe 25^14 

Calves, 14,141 

Sheep 77,906 

Swine 470 
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Inspection  of  Cattle, 
Id  accordance  with  the  regolatioDs  of  the  board  of  health  acd  an  act  of 
the  Legislature,  the  work  of  iaspection  of  cows  kept  for  the  prodaction  of 
milk  hoA  been  coatinued  during  the  post  year.  With  one  or  two  exceptioDS 
all  cattle  which  apou  inepection  have  shown  auj  Bymptoms  of  tuberculoeia 
have  been  subjected  to  the  tuberculin  test,  and  all  animals  which  have 
shown  a  reaction  to  such  test  have  been  quarantined,  and  the  State  Board 
of  Cattle  CommisBionerB  notiSed. 

Brockton. 

The  board  is  of  the  opinion  that  final  disinfection  after  contagions  dis- 
eases, which  is  required  under  the  Public  StstnteB  to  be  done  to  the  Batis- 
faction  of  the  board,  sbould  be  done  by  the  board  itaelf .  It  is  the  intention 
of  the  board  the  coming  year  to  ask  for  an  appropriation  to  carry  out  this 
work,  and  to  employ  eome  person  to  disinfect  all  premises  and  articles 
which,  in  its  opinion,  have  been  infected. 

The  following  is  a  list  of  some  of  the  principal  complaints  and  nnisanoes 
investigated  during  the  past  year :  — 

Defective  cesspools, 127 

Defective  vaults, 116 

Filthy  yards 143 

Filthy  cellars 24 

Bad  drainage, SS 

Animals  buried, 43 

Brooklihb. 

Nine  cases  of  typhoid  fever,  several  of  which,  if  not  all,  were  foand  on 
investigation  to  have  been  contracted  away  from  home,  is  an  exceedingly 
small  number  for  a  population  of  over  sixteen  thousand,  and  is  the  best 
possible  evidence  of  the  care  taken  to  maintain  the  pnrity  of  oar  pnblio 
water  supply. 

The  board  of  health  hospitals  have  been  kept  in  readiness  tbroughont  the 
year,  and  have  been  used  for  the  efficient  isolation  and  care  of  2  cases  of 
scarlet  fever  and  21  cases  of  diphtheria.  The  only  death  occurring  in  the 
hospital  was  the  case  of  a  feeble  little  child,  ill  with  both  measles  and 
diphtheritic  croup,  the  latter  disease  being  well  advanced  and  beyond  con- 
trol when  admitted  to  the  hospital. 

It  is  gratifying  to  be  able  to  state  that  during  the  diphtheria  epidemic  in 
Brookline  and  the  surrounding  cities  and  towns  in  October,  November  and 
December,  of  the  18  patients  admitted  to  the  hospital,  all  going  with  their 
parents'  approval  or  consent,  and  all  of  whom  received  one  or  more  injec- 
tions of  antitoxin  (in  most  cases  furnished  by  the  State  Board),  all  re- 


764 


STATE  BOARD  OP  HEALTH. 


Sifc: 


covered.  The  number  of  diphtheria  patients  reported  ii 
the  same  time,  man;  of  whom  also  had  antitoxio,  was  '. 
ber  9  died,  or  21.4  per  cent.  During  the  epidemic  an 
has  been  farniBhed  free  by  the  board,  on  application,  to 
patients  who  could  ill  afford  to  pay  for  it.  The  Stat 
was  supplied  when  available,  otherwise  Behring'a,  and 
were  reported  from  both. 

The  value  of  the  bacteriological  test  as  a  means  of 
which  is  required  to  be  made  in  all  diphtheritic  cases  b 
leased  from  quarantine,  has  been  emphasized  by  the  t 
here. 

The  need  of  improved  public  batbiog  facilities  and 
swimming-bath,  recommended  in  previous  reports  of 
important  sanitary  measure,  has  been  recognized  by  t 
necessary  steps  for  securiog  a  new  public  bath-house,  fl 
respect,  have  been  taken. 

In  the  same  pamphlet  with  the  report  of  tbe  board  o 
lished  the  reports  of  the  inspectors  of  milk  and  of  anim 
the  sanitary  inspector  and  of  the  town  clerk  on  vita 
report  of  the  milk  inspector  presents  the  results  of  analy 
more  than  two  hundred  samples,  together  with  the  names 

Cambridge. 

Number  of  inspecdons  made 

Number  of  subsequent  inspections, 

ToUl 


Hospital. 

In  the  year  1894  the  prevalence  of  scarlet  fever  in  Caml 
than  in  any  year  since  notification  of  diseases  danger 
health  was  made  obligatory,  and  in  the  present  year  tl 
true  of  diphtheria. 

Had  there  been  during  these  years  a  suitable  hospital 
of  cases  of  these  diseases  at  the  diaposal  of  tbe  board, 
have  been  prevented  and  lives  been  saved.  In  the  s 
hospital  it  has  been  the  duty  of  this  board  (P.  S.,  cbap 
view  of  the  great  prevalence  of  diphtheria  in  the  city,  t< 
possible  the  small  ward  in  the  Cambridge  Hospital  foi 
cases  of  this  disease.  Tbey  have  also  been  compelled 
time  the  Cottage  Hospital  on  the  almshouse  grounds. 
modatioQS  afforded  by  these  hospitals  have  not  been  ade( 
of  the  city,  they  have  yet  been  of  very  great  value  in  em 
tbe  spread  of  this  disease.     In  these  two  hospitals  com 
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diphtheria  have  been  cared  for  this  year  at  the  public  expense ;  of  tbia 
number,  9  died.  The  Cambridge  Hospital  alao  treated  9  private  oases, 
among  which  there  were  no  deaths.  The  fatality  among  the  hospital  cases 
was,  therefore,  9  out  of  71,  or  12.7  per  cent.  Of  these  fatal  cases  it 
should  be  said  that  3  were  practically  past  hope  when  they  reached  the 
hospital,  and  expired  shortly  after  reaching  it. 

Disinfectifm. 
We  are  endeavoring  to  so  train  certain  of  oar  employees  that  the  work 
of  house  disinfection  may  be  intelligently  and  effectively  done  by  them 
and  under  their  direction,  they  being  authorized  to  require  the  co-operation 
of  the  householders  for  such  matters  as  can  and  should  be  done  by  the 
latter. 

Bacterial  Examination. 
We  are  moat  clearly  of  opinion  that  the  protection  of  the  public  health 
demands  that  this  work,  begun  by  this  board  during  the  post  year,  should 
be  nnremittingly  carried  on. 

Schooh. 
What  has  thus  far  been  accomplished  is  to  prevent  the  return  to  the  pub- 
lic schools  of  children  who  have  had  contagious  disease,  while  they  are  yet 
capable  of  transmitting  it,  and  to  prevent  the  attendance  at  such  schools  of 
children  from  families  wherein  cases  of  such  disease  exist.  This  has  been 
of  the  utmost  importance  ;  but  there  yet  remain  the  following  measures  to 
be  adopted  before  it  can  be  said  that  the  city  has  reasonably  done  its  dnty 
in  the  premises:  — 

1.  The  extension  of  the  present  system  to  the  private  and  parochial 
schools  of  the  city. 

2.  Establishing  a  system  of  school  inspection  by  physicians  appointed 
by  this  board,  with  a  view  of  detecting  cases  of  actual  disease  among  the 
children  present  in  school,  and  their  prompt  elimination, 

3.  Much  greater  attention  than  has  heretofore  been  paid  to  the  matter 
of  cleansing  of  the  school-rooms  and  school- ho  uses. 

We  have  already  succeeded  in  partially  extending  this  system  to  the 
parochial  schools ;  i.e.,  notification  of  contagious  diseases  aSecting  the 
attendance  of  their  scholars  is  now  sent  to  those  in  charge  of  such  schools. 

Canton. 

Owing  to  an  informality  in  the  election  of  the  board  of  health,  the  duties 
of  the  office  devolved  upon  the  selectmen. 

Twenty-three  complaints  of  nuisances  have  been  filed,  and  each  was  at 
once  abated. 


11'!  ill! 
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Cbicofeb. 

Epidemic  influenza,  or  "grippe,"  which  appears  to 
annual  visitor,  was  the  principal  scute  diseBse  affecting 
the  winter  and  spring,  but,  aside  from  its  fewer  victims  a 
sened  severity,  presented  no  new  symptoms  worthy  of  nc 

Eight  cases  of  typhoid  fever  is  a  good  record,  comp 
previous  to  1893,  when  our  city  stood  among  the  first  in  t 
as  a  habitat  of  this  disease.  Here  certainly  is  a  testimoi 
cleanliness  of  the  city,  as  well  as  to  our  better  water  su] 
Culty  has  been  experienced  in  getting  physicians  to  repoi 
to  the  health  department,  though  this  is  distinctly  requii 
tions.  Accordingly  the  board  had  mailed  to  every  phyi 
postal  card  stating  that  typhoid  fever  must  be  reported,  tb 
sary  not  only  for  etatistical  purposes  but  also  to  enable 
ities  to  investigate  the  sanitary  conditions  of  the  places 
and  that  co-operation  in  this  matter  would  be  insisted  u 
BO  far  as  the  board  is  aware,  all  cases  have  been  promptl 

As  our  population  increases,  the  need  of  some  syste] 
method  of  garbage  collectioD  becomes  more  pressing. 


Cl1J4TON. 

The  board  has  made  arrangements  with  the  State  Bo 
the  keeping  of  a  supply  of  antitoxin  on  band  for  the  ub< 
this  and  adjoining  towns.  By  this  means  several  casi 
Bolton  have  been  supplied  earlier  than  could  have  been 
former  method,  and  it  is  believed  with  marked  benefit. 


COBASSET. 

Complaints  having  been  made  of  the  impure  conditio) 
daring  the  summer,  the  board  of  health  carefully  inves 
and  did  what  they  could  to  abate  the  nuisance.  Believinf 
been  the  flowing  of  sewage  into  the  brook,  they  requeste 
convey  the  overflow  of  their  cesspools  thereto  to  cease  doi 
1  next.  A  cheerful  compliance  with  the  above  requesi 
repetition  of  the  nuisance  the  coming  summer.  The  bof 
cautionary  measure,  caused  the  brook  to  be  cleaned  anc 
bridge  on  Fleasant  Street  to  its  entrance  to  the  harbor. 

Concord. 
The  plumbing  in  thirty-six  houses  has  been  inspected  : 
the  year.     This  work  is  all  new,  being  either  in  new  hoi 
In  old  honses.     We  can  truthfully  say  that  that  part  of 
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board  is  worth  all  it  coatB.  In  our  opinion  this  is  most  important,  and  it 
will  be  found  to  be  especially  so  if  a  system  of  sewage  dispoaal  is  estab- 
lished  in  tbe  near  fatnre.  By  tlie  agent's  report  it  will  be  seen  that  he  bag 
inspected  more  places  than  ever  before,  and  in  tbe  most  tborougb  manner. 

Tbe  agent  was  refused  permission  to  inspect  tbe  premises  in  one  case. 
Tbe  deputy  snperintendent  of  the  MasBacbusetts  Reformatory,  acting  under 
instmctioDS  from  tbe  aaperintendent,  took  the  gronnd  that  none  of  tbe 
bouses  occupied  by  the  officers  and  owned  by  tbe  Commonwealth  were 
sabject  to  any  inspection  by  the  local  board  of  health.  After  considerable 
correspondence  with  tbe  superintendent  and  the  prison  commissioners,  an 
opinion  was  Bnally  obtained  from  tbe  Attorney-General  of  the  State.  Tbe 
opinion  is  expressed  that,  oa  the  superintendent  had  sole  control  of  the 
reformatory,  and  as  the  bonses  of  tbe  officers  were  a  part  of  the  institu- 
tioD,  the  local  board  of  health  could  not  inspect  tbem  withont  interfering 
with  the  discipline  of  the  prison.  It  being  admitted  on  our  aide  that  we 
bad  DO  rights  inside  tbe  prison  walls,  the  Attorney-General  thought  that  it 
would  be  impossible  clearly  to  draw  the  line,  and  hence  that  neither  we 
nor  the  State  Board  had  any  right  to  inspect  the  property.  We  have 
rested  our  case  there.  Our  only  alternative  is  to  go  to  tbe  Legislature  and 
try  to  get  a  bill  passed,  allowing  local  boards  of  health  to  inspect  State 
property  used  as  dwellings,  wherever  it  may  be  found  within  their  juris- 
diction. 

It  seems  to  us  decidedly  inconsistent  that,  as  a  local  board,  we  should 
not  have  the  same  rights  to  inspect  tbe  bouses  of  the  Commonwealtb  as  we 
have  to  inspect  those  of  a  private  individual ;  for,  if  an  epidemic  should 
break  out,  or  even  if  an  isolated  case  of  contagious  disease  should  appear 
in  one  of  the  houses  owned  by  the  Commonwealth,  the  local  board  of  health 
would  certainly  be  called  upon  to  fumigate  the  building  and  take  other 
measures  to  abate  tbe  trouble,  and,  if  so,  why  should  we  not  have  tbe 
power  to  inspect  the  houses  at  Qret,  and  see  that  they  are  kept  in  a  healthy 
condition  ? 

CorrAGE  City. 
As  there  bad  been  considerable  agitation  and  discussion  concerning  tbe 
unsatisfactory  condition  of  Lake  Anthony  for  some  time  previous  to  the 
annual  town  meeting,  at  which  place  it  was  again  l^rouglit  under  discussion, 
the  board  felt  it  their  duty  to  bring  tbe  lake  into  as  clean  and  healthful  a 
condition  as  possible,  and  at  the  same  time  render  it  an  ornament  to  the 
town.  Tbe  board,  therefore,  consulting  with  several  competent  persons  as 
to  tbe  most  expedient  and  satisfactory  way  to  obviate  this  difficulty,  de- 
cided to  close  the  opening  to  the  lake,  thereby  changing  the  water  from 
salt  to  fresh,  and  thus  killing  the  peculiar  growth  of  grass  with  which  tbe 
lake  was  filled,  and  by  its  decay  causing  a  disagreeable  odor,  rendering  the 
shore  unsightly  and  making  the  lake  totally  unfit  for  boating.     We  closed 
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the  lake  by  tbe  conetruction  of  a  dam  across  the  opening 
the  water  was  ohaoged  from  salt  to  fresti.  We  sacceedet 
destroying  the  graas,  as  evidenced  by  tbe  large  quan 
ashore  during  bigb  winds,  and  the  accumulation  thus  c< 
raked  up  and  carted  away  as  aooa  as  possible. 

Danvsrs. 

There  was  an  epidemic  of  measles  during  tbe  spring  ai 
ably  many  more  cases  than  were  reported,  as  the  disease 
that  no  physician  is  called  to  attend. 

Tbe  cases  of  diphtheria  were  treated  with  the  new  r 
antitoxin,  of  which  so  much  has  been  expected.  We  b: 
viaable  to  keep  an  antitoxin  syringe  and  a  supply  of  a 
so  that  any  physician  in  town  can  obtain  them  of  the  b 
short  notice. 

The  time  is  not  far  distant  when  the  town  must  adopt 
system,  which  is  tbe  only  satisfactory  way  of  disposing 
thickly  settled  parts  of  tbe  town. 

Dedbau. 

The  town  is  to  be  congratulated,  both  in  being  able  t 
lent  a  service  as  will  be  hers  when  the  metropolitan  se' 
and  also  in  having  tbe  prospect  of  obtaining  so  speedy 
extremely  unsanitary  conditions  now  prevailing  in  her 
completion  of  the  trnok  sewer  the  town  must  construct  a 
or  branch  sewers  to  connect  therewith,  and  some  provis: 
for  this  purpose  in  tbe  near  future. 

The  keeping  of  swtne  in  the  town  and  the  teaming  i 
through  the  streets  seem  to  be  an  annual  source  of  difflci 


EVKRETT. 

In  July  it  came  to  the  knowledge  of  tbe  board  that  thi 
reported  cases  of  diphtheria.  Tbe  attending  physician  w 
fined  fifty  dollars  in  the  diatrict  court.  In  these  cases  tb 
of  infection  was  an  old^ounge  that  had  been  brought  froi 
upon  which  a  child  had  died  with  diphtheria.  It  was  pu 
and  the  children  bad  used  it.  Very  soon  there  were  7  cat 
the  neighborhood.  Possibly  there  were  other  mild  cases  i 
ognized.  There  baa  been  a  number  of  cases  since  in  th 
number  of  instances  we  are  quite  sure  that  tbe  disease  ba 
from  infected  persons  from  out  of  town  or  by  children 
houses  in  other  places.  In  one  case  a  child  was  sent 
brothers  bad  the  disease.    This  child  remained  well,  b 
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family  where  it  came  to  eta;  developed  a  positive  case  of  diphtheria.  We 
have  bad  a  Dnmber  of  cases  that  have  shown  the  great  advantage  of  making 
bacteriological  examinationa.  Of  26  cases  where  antitoxin  was  used  early 
there  were  but  2  deaths  (one  of  them  occurred  at  the  end  of  the  sixth 
week),  — a  mortality  of  7.7  per  cent.  In  four  oases  it  was  used  late,  and 
the  patients  died.  Of  the  25  in  which  it  was  not  used,  11  of  the  patients 
died. 

Everett  is  a  city  of  new,  clean  houses.  We  have  a  third  less  tubercaloeis 
than  the  average  of  the  State.  By  care  and  disinfection  we  can  keep  these 
houses  free  from  the  germs  of  this  disease. 

FXLL   KlVEE. 

Many  cases  of  contagious  diseases  have  come  under  our  observation  in 
homes  and  boarding-houses  where  there  were  not  proper  facilities  for  their 
care  and  isolation.  We  believe  the  safety  of  the  public  demands  that  some 
provision  for  such  casea  should  be  made,  and  would  recommend  that  a  ward 
in  the  old  almahoase  be  set  apart  for  the  treatment  of  contagious  diseaeea 
of  this  character,  other  than  small-pox. 

The  increase  in  conlt^ous  diaeases  for  the  year,  before  noted,  was 
altogether  confined  to  scarlet  fever  and  diphtheria,  and  was  not  wholly 
unexpected,  as  in  the  early  spring  and  during  the  year  those  diseasea  were 
reported  as  prevalent,  and  even  epidemic,  in  many  cities  of  the  Common- 
wealth as  well  08  the  surrounding  States,  from  which  the  board  knows  some 
of  the  cases  reported  in  this  city  were  brought,  and  has  reason  to  believe 
there  were  others. 

Early  in  the  year  the  board  decided  that  it  would  be  necessary  to  take 
energetic  meaanrea  to  stamp  out  those  diseases,  or  prevent  them  becoming 
epidemic,  and  result  in  the  closing  of  the  public  schools,  as  occurred  else- 
where. Regulations  were  adopted,  printed  and  famished  to  all  physicians 
and  undertakers,  and,  through  the  superintendent  of  schools,  the  teachers 
of  the  public  schools  were  also  notified  of  the  same. 

In  all  cases  of  diphtheria,  culture  tubes  are  furnished  by  the  board  to  the 
attending  physician,  to  take  cultures  from  the  throat  of  the  patient. 

Out  only  protection  against  small-pox  consists  in  thorough  vaccination. 
This  the  board  provides  free  of  expense,  and  advertises  freely,  which  we 
are  gratified  to  note  by  the  records  is  understood  and  appreciated  by  our 
cosmopolitan  population,  the  number  vaccinated  each  year  exceeding  the 
previous  one.  Vaccinations  are  performed  by  the  clerk  of  the  board,  under 
the  direction  of  the  city  physician.  The  number  successfully  vaccinated 
each  year  during  the  past  four  years  was  as  follows:  1892,  1,326;  1893, 
1,231;  1894,  1,720;  1895,  2,118. 

While  the  primitive  method  of  disposing  of  garbage,  as  pursued  here, 
might  for  a  time  be  permitted  in  a  country  town,  where  it  could  be  con- 
veyed to  some  uninhabited  outlying  district,  it  seems  needless  to  add  that 
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it  U  in  no  way  adapted  to  a  city  of  Dioet;  thousand  io 
view  to  be  able  to  suggest  at  tliia  time  tlie  safest  and  mc 
of  disposing  of  garbage,  tbe  board,  agent  and  inspect*: 
ferent  cities  during  the  year,  for  the  purpose  of  investig 
The  result  of  our  inquiries  conflrms  the  opinion  that  d 
the  only  sure  and  safe  method  of  disposing  of  garbage. 
Ten  cowB  were  found  to  be  infected  with  tuberculc 
aud,  after  tbe  usual  quaraotine  and  inspections  by  th( 
ers,  were  destroyed,  and  tbe  carcasses  disposed  of  to 
tbe  board  of  health.  In  May  last  the  board  adopted  a 
the  owners  of  all  neat  cattle  within  the  city  to  have  tt 
tered  and  licensed  at  the  office  of  the  board  of  healt 
reason  that  led  to  this  was  the  number  of  cases  coming 
fed  cattle,  allowed  to  roam  through  the  streets  and 
among  the  different  dumps  throughout  the  city,  as  wel 
dition  and  lack  of  ventilation  in  the  stables  in  whici 
(when  honsed  at  all). 

FrrcHBURG. 

House  inspection  has  been  extended,  during  tbe  past 
of  the  city  contiguous  to  those  sections  inspected  in  18! 
also  the  whole  section,  called  tbe  south  Fitchbnrg  die 
seat  of  the  diphtheria  epidemic.  The  total  number  of 
was  554. 

The  total  number  of  nuisance  complaints  received  1 
the  year  was  148.  This  includes  only  the  complaints  < 
made.  In  connection  with  tbe  regular  house  inapectioi 
ber  of  minor  unsanitary  conditions  were  found  and  cor 
notice. 

The  majority  of  the  cases  of  diphtheria  occurred  in 
which  is  in  no  way  provided  with  sewers  and  proper 
It  cannot  be  said,  however,  that  tbe  unsanitary  conditi 
every  house  where  the  disease  occurred  were  the  direi 
break,  as  an  infection  from  case  to  case  was  in  nearly  e' 
In  all  cases  where  defects  were  found  the  property  O' 
correct  them  so  far  as  possible,  and  in  nearly  every  i 
and  promptly  complied.  A  very  good  map,  showing  t1 
accompanies  the  report. 

Typhoid  fever  has  been  somewhat  prevalent  during 
the  total  number  of  cases  was  not  greatly  in  excess 
total  number  of  29  cases,  7  may  fairly  be  said  to  bav 
tbe  origin  of  the  disease  having  been  traced  to  infect 
places  than  Fitchburg.  More  than  usual  care  has  bee 
year  in  getting  as  accurate  a  history  of  each  case  as  wi 
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Framingham. 
3f  Health  wae  ooDsulted  in  reference  to  the  cases  of 
log  in  South  Framingham,  a  suspected  well  of  water 
11  infected  premises  ordered  cleaned  and  disinfected, 
le  traced  to  two  imported  coses. 

Gardner. 
ition  of  tbe  town  is  the  best  that  it  has  been  within 
)  that  in  former  years  were  frequently  neglected  are 
attended  to,  or  are  improved  so  as  to  avoid  frequent 
ieve  that  prompt  attention  to  complaints  has  led  to 
,  and  the  people  of  the  town  derive  the  benefit  in  being 
om  contagious  diseases. 

1  thousand  inhabitants,  the  milk  supply  is  one  of  great 
lie  board  recommended  that  those  furnishing  tbe  supply 
},  we  find  that  there  has  been  a  steady  improvement  in 
I,  the  natural  reenlt,  an  improvement  in  the  milk  sup- 
in  forty-eight  licenses  granted  during  the  past  year. 


Qore  cases  of  scarlet  fever  and  diphtheria  during  the 
>me  previous  years,  but  the  type  has  generally  been 

icommend  tbe  maintenance  of  a  hospital  for  contagious 


Haverhill. 
le  contrast  in  the  mortality  of  any  infections  disease 
id  previous  years  is  the  number  of  fatal  cases  of 
lysicians   are   very  careful  to  report  their  cases  of 
.  fever,  but  tittle  attention  is  paid  to  reporting  cases 

The  records  show  that  only  34  cases  have  been  re- 
umber  12  deatlia  occurred  last  year.  This  would  be 
i.  of  the  number  reported,  —  a  higher  death  rate  than 
'.  was  reported  to  ns.  It  is  probable  that,  instead  of 
les,  as  reported,  in  tbe  city  last  year,  there  were  many 

number.  In  the  last  twelve  years,  including  1895, 
II,  but  31  fatal  cases  of  whooping-cough,  an  annual 
'  deaths. 
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HOLTOEE. 


The  board  ia  of  tbe  opioioD  that  a  cremator;  Deces 
modatioD  of  the  city's  ofTal,  and  located  in  a  convent 
moie  economical  to  tbe  city  tban  tbe  coarse  now  pursm 

Early  in  May  a  tborough  health  inapeolion  of  tht 
the  lx>ard  of  bealth.  Several  localities  of  doubtful 
promptly  corrected  in  a  measure  satisfactory  to  tbe  Isoa 
of  this  annual  sanitary  inspection  regularly  and  syste 
Id  the  early  season  of  each  year  cannot  be  over-estim 
tbe  babitnally  careless  to  a  better  regulation  of  their 
from  unsanitary  localities  macb  that  invites  and  fostei 
snmmer  activity.  On  persons  not  complying  with  tl 
regard  to  abating  nuisance,  eigbt  sheriff's  notices  wert 
and  fine  was  tbe  result  of  each  case. 

Ont  of  a  mortality  of  111  deatbs  during  tbe  montti 
were  among  infants. 

Htde  Fa&k. 

Aboot  one  hnndred  and  fifty  complaints  have  beet 
to  oversowing  cesspools,  vaults  in  bad  condition,  we 
and  yards,  dead  animals,  and  swine  kept  without  pern 

There  has  been  quite  an  increase  in  the  cases  of 
although  in  some  respects  we  have  fared  better  tban 
about  us.  Tbe  increase  in  coses  of  measles  has  giv 
this  year.  We  find  that  in  cities  and  towns  where  a 
patients  receive  in  most  cases  better  care,  tbe  contag 
spread  and  deaths  are  less  freqnent.  We  hope  tbe  t 
we  can  have  tbia  help  in  oar  work. 


Ipswich. 
During  the  months  of  October  and  November  an 
spread  through  the  town.  The  disease  was  of  a  mild 
occurred  from  the  same.  With  these  exceptions,  the  { 
town  bas  been  fairly  good.  But  how  much  longer 
a  question,  and  one  to  be  seriously  considered  ;  for  w 
supply  and  our  town  being  so  situated  in  a  valley,  f 
drainage  at  tbe  best  none  too  good,  tbe  filth  that  will  i 
ous  cesspools  will  prove  a  dangerous  menace  to  the 
complaints  to  tbe  board  for  tbe  past  year  bave  been  mi 
and  absolute  safety  from  cesspool  filth  will  never  be  at 
provides  a  system  of  sewerage. 
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Lee. 

The  board  as  a  body,  or  by  delegatiDg  one  of  its  members,  iDvestigated 
&11  complaints  received  regarding  nuisances  or  conditioas  detrimeotal  to  the 
public  health  whenever  tbere  seemed  reasonable  ground  for  sach  complaints  ; 
and  in  all  cases  the  Tecommendations  or  orders  of  the  board  were  promptly 
and  apparently  cheerfully  complied  with. 


Lexinqtoh. 
For  several  years  prist  the  piggeries  in  various  parts  of  the  town  have  at 
times  given  considerable  trouble.  The  present  board,  after  careful  con- 
sideration, adopted  the  system  of  giving  permits  for  the  keeping  of  swine, 
a  practice  which  has  thus  far  given  very  good  satisfaction.  The  whole 
number  of  permits  granted  is  sixteen,  the  board  finding  it  unnecessary  to 
issue  permits  for  a  less  number  than  twenty  pigs. 


Cost  of  burning  garbage,  1694, 
Cost  of  burning  garbage,  1896, 


Saving  in  1695  of $2,0t 

The  ashes  resulting  from  the  combustion  of  our  garbage  have  frequently 
been  analyzed  at  the  State  Agricultural  College  at  Amherst.  The  analyses 
vary,  and  to  a  certain  extent  summer  ashes  appear  to  be  poorer  than  those 
of  the  spring  or  fall.  The  largest  amount  of  potassium  oxide  per  100  parts 
contained  in  a  specimen  of  the  ashes  was  8.83  ;  the  largest  amount  of  phos- 
phoric acid  was  32.36. 

The  only  way  to  obtain  a  satisfactory  solution  of  the  problem,  how 
best  to  dispose  of  a  city's  garbage  is  to  make  a  thorough  personal  investi- 
gation of  all  the  methods  now  in  use.  Such  an  investigation  has  been 
begun  under  the  direction  of  Mr.  Rudolph  Hering,  the  well-known  civil 
engineer,  and  chairman  of  the  committee  on  disposal  of  garbage  of  the 
American  Public  Health  Association. 

In  the  mean  time,  the  conclusions  reached  by  the  board  of  health  from  a 
three-years  study  of  the  subject  are  briefly  as  follows :  — 

That  reduction  systems,  even  if  well  located,  properly  constructed  and 
properly  managed,  can  at  present  offer  no  marked  improvement  over  ore- 
matoriea. 

That,  at  present,  cremation  is  the  best  solution  of  the  problem  for  the 
average  New  England  city.     That  the  kind  of  cremator  to  be  selected 
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should  have  been  in  active  operation  for  at  least  a  yea 
it  has  caaeed  no  Duis&DCe. 

That  trustworthy  figures  should  be  obtained  as  to  the 
and  labor  to  bum  a  ton  of  garbage,  and  that  the  prii 
should  be  known. 

That  that  cremator  should  be  selected  which,  cone 
cost,  will  do  the  city's  work  most  efficiently  and  econor 

That  it  should  be  owned  and  operated  by  the  city. 

That  the  cremator  now  in  use  in  Lowell  is  a  vast  in 
methods  employed  in  all  other  New  England  cities. 

A  contagions  disease  hospital  is  recommended. 

The  board  of  health  recommends,  and  the  citizens  ca 
that  Lowell  is  provided  with  a  public  bath-house. 

As  regards  the  use  of  antitoxic  in  diphtheria,  we  fi: 
experience  somewhat  more  favorable  resnlts  from  the 
than  by  other  means  of  treatment. 


Lnm. 

During  the  year  there  has  beeo  completed  on  Holyo 
for  contagions  diseases,  in  accordance  with  chapter  511 
This  property  was  turned  over  to  the  board  of  health 
mittee  April  3d,  1895.  It  was  dedicated  and  opened 
patients  May  15,  1895,  the  administration  building  and 
consisting  of  two  wards  each,  receiving  suitable  fumit 
gift. 

The  first  patient  was  admitted  June  13,  and  the  tot 
to  Jan.  1 ,  1896,  was  40.  The  first  case  of  scarlet  feret 
13,  and  the  number  of  cases  was  12.  The  first  casi 
admitted  August  14,  and  the  number  of  cases  was  27.  • 
was  admitted  July  7.  Of  the  40  patients  admitted,  there 
all  from  diphtheria,  or  about  11  per  cent,  of  the  diphth 
or  a  little  more  than  7  per  cent,  of  total  admissions. 

As  sooQ  as  possible  after  a  patient  suffering  with  < 
admitted  to  the  hospital  diphtheria  antitoxin  is  admin 
pronounced  curative  effect  upon  the  disease.  The  uS' 
responsible  for  making  the  mortality  so  low  the  past 
institution.  In  two  of  the  patients  .that  died  the  diseas 
ress  six  days  before  the  remedy  was  administered.  I 
beside  being  a  late  stage  of  the  disease,  there  was  some 
was  not  positively  recognized.  The  first  two  patients  d 
thirty-six  hours  after  admission,  and  the  third  tbirty-sij 
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sion.  To  my  miad,  all  three  of  tbese  patients  could  ba^^e  lived  had  the 
adminiBtration  of  antitoxin  been  effected  in  the  earl;  stages.  Comparing 
this  experience  with  that  had  in  1893,  when  diphtheria  appeared  in  the 
children's  home,  there  were  3  deaths  in  10  taken  with  the  disease,  or  a 
mortality  of  30  per  cent. ;  this  was  before  antitoxin  was  used  in  tbis 
conntry. 

Marlborodgh. 
There  has  been  no  serious  outbreak  of  disease  in  the  city  during  the 
year.     In  November  a  rather  small  epidemic  of  measles  appeared,  and 
about  sixty  cases  were  reported  to  the  board. 

The  cases  of  scarlet  fever  and  diphtheria  were  few  and  somewhat  widely 
separated  in  time  of  appearance  and  in  location. 

Early  in  the  year  the  board  discussed  the  matter  of  furnishing  to  the 
physicians  of  the  city  means  for  a  culture  diagnosis  in  cases  of  diphtheria. 
Although  the  opportunity  to  test  the  value  of  this  method  of  being  positive 
in  diagnosis  in  cases  of  contagious  disease  has  been  small,  there  being  only 
nine  cases  of  diphtheria  during  the  year,  the  board  is  much  pleased  at  the 
results  of  its  experience.  In  the  summer  vacation  a  very  severe  case  of 
diphtheria  appeared,  after  an  interval  of  five  months  in  which  no  cases  had 
been  reported.  By  chance  it  was  discovered  that  a  twy  who  bad  lately 
come  from  a  neighboring  town,  from  a  house  where  there  was  a  case  of 
diphtheria,  was  staying  on  the  opposite  side  of  the  street.  This  boy  had 
taken  dinner  some  days  previous  with  the  patient  now  sick  with  diphtheria. 
A  culture  examination  of  the  throat  of  the  suspected  importer  of  the  dis- 
ease showed  that  his  throat  contained  germs  of  diphtheria,  though  he  had 
not  at  any  time  been  sick  in  bed  nor  in  doors,  nor  had  he  paid  any  atten- 
tion to  bis  sore  throat.  No  doubt  he  was  the  bearer  of  the  disease  to  the 
first- mentioned  patient.  These  cases  are  mentioued  to  call  the  attention  of 
the  public  to  the  fact,  uot  generally  understood,  that  a  person  may  be  suf- 
fering from  diphtheria  in  a  mild  form,  and  not  necessarily  be  sick  in  bed, 
but  at  the  same  time  be  capable  of  conveying  the  disease  in  its  worst  form  - 
to  another  individual. 

The  antitoxin  furnished  by  the  State  Board  of  Health  was  used  by  the 
physicians  attending  diphtheria  cases  in  only  two  instances.  Each  time 
there  seemed  to  be  a  reluctance  on  the  part  of  the  physician  to  use  the  new 
remedy  until  other  means  of  treating  the  disease  bad  been  tried.  Tbis  is 
not  the  course  recommended  by  those  who  are  familiar  with  the  best  results 
of  antitoxin  treatment,  and  it  is  hoped  that  physicians  who  decide  to  use 
antitoxin  will  give  the  remedy  a  fair  trial  by  using  it  as  early  in  the  case 
as  possible. 

There  were  one  hundred  and  seventy-one  complaints  of  nuisances  re- 
ceived during  the  year.  These  were  promptly  investigated.  A  few  legal 
notices  were  served. 
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Medford. 
>f  1694  attention  was  called  to  the  fact  tbat  tl 
1  be  positively  recognized  at  an  earl;  stage  by 
oscopical  examinatiooB.  Following  oar  recoc 
lundred  dollars  for  the  special  purpose  of  pre 
B  generously  granted,  and  during  the  past  yts 
ipected  cases  of  throat  disease  have  been  ez&i 
r  Tufts  medical  school  laboratories,  with  the  f 
t  examioationB,  31.  The  bacillus  of  dipfatheri 
us ;  the  bacillus  of  diphtheria  was  not  found  in 
B  to  be  seen  that,  of  74  cases  reported  aa  di 
>  microscopical  examination  was  made, 
of  this  board,  each  report  of  a  case  of  dipbthe 
>mforts  of  isolation,  disinfection,  etc.,  should 
id  by,  a  proper  microscopical  examination. 

Melbosb. 
nts  to  correct  nuisances  have  osually  been  pre 
'  bas  been  brought  to  court  and  fined  for  offe 
ptying  his  cesspool  himself  without  a  permit, 
lOr  of  pouring  the  offensive  material  upon  bit 
mber  of  languid  responses  to  our  requirement) 
kened  by  the  impending  resort  to  legal  proceed 
mary  of  the  labors  of  the  inspector  of  plumbinj 
ollowB :  — 

armits  granted  to  do  plumbing, 
erroits  for  sewer  connection, 
sits  made  by  inspector, 
ater  tests  made, 
!wer  connections  tested,     . 


New  Beufobu. 
year  every  case  of  typhoid  fever,  diphtheria 
irestigated,  with  the  idea  of  keeping  a  record  o 
ipresB  upon  the  public  the  necessity  of  gref 
itation. 

lich  each  child  attends  is  ascertained,  togetb 
it  if  several  cases  are  found  originating  at  abo 
"oom,  then  that  room  is  closed  and  thoroughly 
lin  at  the  judgment  of  the  hoard  of  health.  1 
car  this  has  been  done,  probably  stopping  w 
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appeared  to  be  the  begioDing  of  a  aeriooB  epidemic  of  scarlet  fever  and 
diphtheria.  The  Sunday-school  attended  by  the  eick  child  is  also  inquired 
into,  and  the  superintendent  of  that  echool  notified  of  the  fact  of  that 
child's  illness,  with  the  ad^■ice  to  stop  future  attendance  of  other  chUdren 
in  the  same  family.  Each  case  of  scarlet  fever  is  watched  until  desqua- 
mation has  ceased,  although  no  school  permits  are  given  until  after  four 
weeks  have  elapsed,  even  though  that  process  should  have  apparently 
ceased  earlier. 

During  the  year  about  550  calls  have  been  made  by  the  inspector. 
Nineteen  vessels  coming  from  foreign  ports  boarded  by  quarantine  physi- 
cian; none  quarantined. 

Newton. 

Upon  recommendation  of  His  Honor  the  mayor,  the  city  council,  in  June, 
appropriated  the  sum  of  one  thousand  dollars  for  the  erection  and  main- 
tenance of  a  bath-house  on  the  bank  of  Charles  River,  off  California 
Street,  Ward  1.  The  committee  on  public  property  were  instructed  to 
erect  the  building,  which,  when  completed,  was  to  be  turned  over  to  this 
board  to  maintain. 

The  general  health  of  the  city  during  1895  has  compared  favorably  with 
previoDB  years,  the  number  of  deaths  being  OS,  a  mortality  of  16.28  per  thou- 
sand. No  general  epidemic  has  occurred,  although  from  aome  of  the  wards 
a  large  number  of  contagious  cases  were  reported.  The  three  important 
conta^ous  diseases,  diphtheria,  scarlet  fever  and  measles,  have  been  pres- 
ent in  the  city  almost  continuously  during  the  year,  but  never  in  such  num- 
ber as  to  cause  serious  alarm.  As  will  be  seen  by  the  tables,  the  number  of 
cases  of  diphtheria  reported  to  the  board  was  greatly  in  excess  of  the  pre- 
vious year. 

The  great  benefit  to  the  city  of  the  contagious  wards  of  the  Newton  Hos- 
pital has  again  been  fully  demonstrated,  121  cases  of  contagious  disease 
having  been  admitted.  The  board  has  always  urged,  and  in  some  oases 
compelled,  parents  to  send  their  sick  children  to  the  hospital.  This  is  one 
of  thoee  instances  when  the  prerogative  of  the  board  seems  lo  antagonize 
individual  liberty ;  but  it  is  the  duty  of  a  board  of  health  to  do  all  in  its 
power  to  prevent  the  spread  of  a  contagions  disease,  and,  as  by  removing  a 
sick  person  from  a  crowded  tenement  mofe  can  be  done  toward  freeing  the 
community  from  danger  than  can  be  accomplished  by  the  strictest  quaran- 
tine, the  individual  must  yield  to  the  community. 

The  plan  of  appointing  medical  inspectors  for  each  ward  or  school  dis- 
trict,  on  whom  the  board  can  call  to  examine  the  children  in  a  school  or 
elsewhere,  in  the  event  of  suspected  cases,  has  worked  most  satisfactorily. 
Several  school  inspections  have  been  mode,  and  a  large  number  of  children 
have  been  examined  at  their  own  homes  by  the  inspectors ;  in  several  in- 
stances unsuspected  cases  of  disease  have  been  discovered  and  reported  to 
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the  board,  thos  enabliog  it  to  take  proper  precantlons. 
regard  to  the  interference  by  the  inepectore  with  the  i 
pbyeiciau  has  l>eeu  reported,  and  the  board  will  continui 
the  coming  year. 

On  Jan.  1,  1895,  the  board  annoanced  that  it  woul< 
free  of  charge  to  physiciana  who  wished  to  aae  it  ii 
diphtheria.  Advantage  was  immediately  taken  of  this  • 
continued  to  iopply  it  until  the  State  Board  of  Health  i 
demands. 

The  use  of  antitoxin  in  the  treatment  of  diphtheria  n 
become  general  in  Newton  after  this  offer  made  by  the  t 
that  several  cases  bad  been  treated  with  it,  hot  they  wei 
any  inference  to  be  drawn  as  to  its  value.  Since  then 
deavored  to  keep  carefnl  statistics  of  tbe  results  of  ite  i 
given  herewith  are  of  great  interest.  To  show  most  coi 
of  antitoxin  upon  the  death  rate  in  diphtheria,  it  is  nei 
the  rate  in  1895  with  that  of  previous  years.  Starting  i 
that  the  death  rate  from  diphtheria  in  Newton  is  as  folic 


1892 

1893 

1894,     

The  figures  for  1695  are  as  follows  :- 
1896 


In  accordance  with  an  order  of  tbe  city  council,  the  b< 
sabject  of  establishing  a  steam  plant  for  the  disiufectio] 
tresses,  etc.,  from  houses  infected  with  contagious  disc 
this  subject  was  made  early  In  tha  spring,  and  the  boarc 
tion  to  tbe  necessity  for  such  a  plant  in  order  to  prevent 
tagion  through  the  inability  of  the  board  to  properly  disi 

Northampton. 
We  have  no  hospital  for  contagious  diseases.     A  si 
one  has  been  found  in  the  rear  of  the  almshouse  propert 
safe  from  danger  of  contagion.     A  one-story  wooden  hi 
a  amall  sum  is  needed  in  our  city. 
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North  Attleborodgh. 
North  Attleborough  hu  enjoyed  a  comparative  freedom  from  diaeasea  of 
a  oontagioas  character  during  the  past  year.  Any  oases  that  have  appeared 
have  been  quarantined  at  once,  when  the  board  has  been  notiQed  of  their 
existence.  In  each  case,  when  qnarantined,  there  has  been  no  spread  of 
the  disease  beyond  the  domicile  where  it  first  made  its  appearance.  The 
neglect  of  one  family  in  failing  to  ascertain  the  true  character  of  the  sick- 
ness of  one  of  its  members  caused  the  board  to  fear  that  there  might  follow 
an  epidemic  of  scarlet  fever,  since  the  child  had  been  allowed  to  mingle 
with  other  children.  Fortunately,  only  one  other  case  followed  as  a  result 
of  this  neglect.  The  board  feels  called  upon  to  once  more  demand  of 
parents  that  they  should  consult  some  competent  authority  in  case  of  any 
suspicious  sickness,  especially  among  children. 

PaoTiKCErowii. 

The  inspectors  of  the  board  of  health  have  visited  about  eight  hundred 
houses,  and  in  nearly  alt  fonnd  marked  improvement  in  condition  over  last 
year.  We  have  also  visited  the  schools,  and  fonnd  the  temperature  quite 
even,  but  the  system  of  ventilation  very  poor  indeed,  and  would  recom- 
mend that  it  be  improved  in  some  way  during  the  coming  year. 

The  vaccination  law  has  been  thoroughly  enforced  in  our  schools,  with 
the  result  that  over  four  hundred  children  have  been  vaccinated ;  each  of 
these,  together  with  all  those  who  had  been  previonaly  vaccinated,  was 
presented  with  a  certificate  to  be  given  to  the  superintendent,  that  a  thorough 
and  complete  record  may  be  kept  of  the  same. 

QoiNCT. 

One  of  the  earliest  matters  to  receive  the  attention  of  the  board  was  the 
importance  of  improving  the  scavenger  system  of  the  city.  Complaints  by 
citizens  and  the  personal  knowledge  of  the  workings  of  the  old  system  led 
the  board  to  consider  the  desirability  of  adopting  a  more  cleanly  and 
reepoDBible  system  than  had  previously  prevailed.  Teetimoniale  and  visits 
to  neighboring  cities  where  the  contemplated  system  was  in  practical  work- 
ing order  led  the  board  to  adopt  the  Odorless  Excavating  Company's 
system. 

Salrh. 

In  two  cases  this  year  it  has  been  necessary  to  cloae  schools  until  a  com- 
plete disinfection  could  be  bad,  and  books,  pencils,  etc.,  likely  to  spread 
the  infection,  destroyed.  So  Uttle  did  some  persons  realize  the  importance 
of  thus  protecting  the  children,  that  some  adverse  criticism  followed  because 
of  tiie  loaa  of  the  value  of  thi       iks,  which,  however,  was  quite  inconsiderable. 
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Walthak. 

The  careful  precaattona  taken  in  regard  to  suspicious  throat  cues  have 
been  observed  throughout  the  year.  Cultures  have  been  taken  from  all 
SDBpicioos  oases,  at  the  request  of  the  physician  in  chaise,  and  quite  a 
numt>er  of  coses  that  would  have  passed  as  coD-contagious  were  proved 
contagions  and  properly  isolated. 

No  case  of  diphtheria  has  been  let  out  nf  quarantine  until  a  bacteriological 
test  of  the  throat  has  proved  the  absence  of  the  diphtheria  bacillus.  During 
the  year  605  cultures  have  been  taken,  and  the  result  of  the  bacteriological 
examination  commnaicated  to  the  physician  iu  charge.  The  bacteriological 
laboratory  of  the  Waltbam  Hospital  has  continued  to  serve  the  city  by  freely 
accommodating  the  board  of  health.  There  were  115  cases  of  diphtheria 
during  the  year,  with  3  deaths,  giving  a  very  low  mortality  rate,  which 
remarkable  result  was  evidently  due  to  the  beneficial  action  of  antitoxin, 
and  also  to  the  many  mild  oases  which  might  have  passed  unnoticed  but 
for  the  bacteriological  test. 

At  the  beginning  of  the  present  year  this  board  notified  the  physicians  of 
Waltbam  that  free  e  rami  nations  of  sputum  for  the  bacilli  of  tuberculosis 
would  be  made  by  the  physician  of  the  board.  As  a  result  52  specimens 
of  sputum  were  sent  to  the  board,  and  a  careful  microscopic  examination 
made.  The  board  also  offered  to  disinfect  after  the  death  or  removal  of 
cases  of  consumption,  when  requested  to  do  so  by  the  physician  in  charge 
or  the  family. 

In  June,  1895,  a  somewhat  different  process  of  disinfection  of  rooms  and 
furniture  was  begun.  Reliance  is  no  longer  placed  in  fumigation,  but  in 
the  most  painstaking  cleansing  of  every  part  of  the  room  and  furniture. 
Five  per  cent,  solution  of  carbolic  acid  ia  used  as  a  germicide.  The  city  ia 
in  great  need  of  a  disinfecting  station,  where  clothing  and  liedding  can  be 
disinfected  by  dry  or  superheated  steam. 

Watertown. 

For  the  first  time  the  care  of  all  sanitary  matters,  which  includes  the 
bath-house,  was  assumed  by  the  board  of  health.  It  was  thonght  wise  in 
the  management  of  the  bath-house  to  reserve  it  two  afternoons  a  week  for 
the  nse  of  women.  For  that  pnrpose  a  woman  was  appointed  to  take 
charge  of  the  bath-house  during  those  afternoons.  The  plan  has  worked 
well  and  will  be  continued. 

During  the  year  the  connection  of  all  available  premises  with  the  com- 
mon sewer  has  progressed  very  favorably.  At  every  meeting  of  the  board 
of  health  a  number  of  premises  have  been  ordered  to  be  connected  with  the 
sewer,  and  almost  uniformly  the  requests  of  the  board  have  been  complied 
with. 
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The  following  group  of  figures  preseata  the  general  death  rate  per 
1 ,000,  and  the  combined  death  rate  per  10,000,  from  scarlet  fever, 
diphtheria  and  croup,  typhoid  fever,  cholera  infantum  aud  con- 
sumption, in  a  group  of  contiguous  towns  lying  mostly  in  the 
metropolitan  district,  and  for  a  period  of  four  years,  18M1-94.  None 
of  the  number  bad  a  general  death  rate  of  more  than  20  per  1,000, 
aod  the  mean  annual  death  rate  of  the  group  was  17.1  per  1,000  of 
the  estimated  living  population. 
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Ablngton  and  Rockland,  cotiHumptlon  of  WNMr  Id 41 

Water  suppi;  of,  ezamiDation  of T 

Accord  Fond,  Hingham,  esamlnation  of  water  of 17 

Acton,  examiDatlon  of  water  with  reference  to  a  water  supply    ...  7 

Adams  Fire  District,  water  supply  of,  advice  of  Board         ....  I 

Examination  of 7 

Advice  of  the  Board  to  cities,  towns,  corporations,  etc.,  npon  water  supply 

and  sewerage 

Air,  aid  received  from  cntrent  of.  In  rapid  filtration  of  f<eivage    ...  46 

Allspice.  Inspection  of 67 

Alumina,  snlpbate  of,  use  of.  In  chemical  precipitation         ....  46 

Anieabnry,  consumption  of  water  in 41 

Health  of T6 

Sewage  disposal  of,  advice  of  Board 6 

Water  supply  of,  advice  of  Board I 

Examination  of 8 

Amherst,  sewage  disposal  at 60 

Andover,  conaumptloD  of  water  In 41 

Health  of 76 

Sewage  disposal  of,  advice  of  Board G 

Water  supply  of,  examination  of 8 

Anthony  Brook,  Adams,  examination  of  wat«r  of 3 

Antitoxin  In  diphtheria,  report  npon  the  production  and  nse  of  .        .        .  68 

Aqua  Rex  Spring,  Mlllls,  examination  of  water  of 23 

Arlington,  health  of 7G 

Water  supply  of,  examination  of 6 
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Hj  esperimental  water  filters 
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BlUerlca,  health  of 
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Illegitimate,  1891-94 

PJural,  1891-94. 

Stlli-blrths 

Blackstone,  health  of 

Blackstone  KlTcr,  examination  of 

AtMIUhnry 

At  MliivUle 

At  Uxbridge 

Above  Worcester  Sewage  Fariflcatton  Works 

Below  Worcester  Sewage  Purification  Works 


Ulllbnrj,  pollDtloD  of,  advice  of  Boud        ...  87 
I  Worcester  Sewage  Puriflcfttlon  Works,  special  esam- 

367-893 

alDtree,  examination  or  water  ol ^S 

I  of  water  in *19 

768 

,  examination  of 97 

supply,  — 

k  at  bead  of  Reservoir  No.  e,  Hoplcinton     ...  98 

0.  6.  Asliland 98,  100 

Brook  at  bead  of  Reservoir  No.  i,  Ashiand        .  102 

D.  4,  Asbland 103,  lOS 

erat  bead  of  Reservoir  No.  2,  Asbland         ...  lOS 

a.  2,  Framlngbam 107 

ook,  Mariboroagh 109 

:  at  bead  of  Reservoir  No.  8,  Soutbborongb         .        .  110 

n.  S,  PnUDiogbam Hi 

iply.  — 

oate,  Wayland 118 

faucet,  Maasacbosetts  InatltuCe'of  Technology  .  116 


larlestown  district 119 

amtnatloD  of  water  of 41i 

r  in  lakes  and  storage  reservoirs H9 

ton,  examlnatloD  of  water  of 868 

ite,  examination  of  water  of 142 

examlnatlOD  of  wat«r  of 299 

on  of  water  Id 419 

.advice  of  Board iS 

■t 119 

alitj  from Ixv,  IxvU 

River  at,  examination  of  water  of        ....  286 

water  In 419 

,  exanilnation  of 121 

aid,  water  sapply  of,  examlnatlon^of    ....  226 

examination  of  water  of 207 

Farm  at,  advice  of  Board  relative  to  sewage  dls- 


,  examination  of    . 
it  Brldgewater,  consQinption  of  wW 
Adams,  examination  of  water  of. 
ion  of  water  in      ...        . 


examination  of 

r  In  Sallsbniy  Brook  storage  reservoir . 
)piy  of,  examination  of . 


water  In ,  419 

766 

nlnattoDof 140 

IT 

s,  ezamlDation  of  Ware  River  at  .                .       .  413 

ad,  examlnatlDii  of  wat«r  of 102 

Iburj,  examluatioQ  of  water  of      ...         .    386,  387 

llllamstowD,  examinaUon  of  water  of  .  336 

766 

ter  BDpply  of,  examination  of       ...        .  143 

iTS,  report  OD  Improvement  of      ...        .  szxix 

rom lilr,  izvl 

iption XV 

or  Its  spread xvl 

ivli 

xvlU 

ilx 

leaths 717 

various  cities  and  towns,  statistics  relating  to     .  419 

on  of 646 

Brook  Reservoir,  Chlcopee,  examination  of  water 

136 

d  George  W.  Fuller),  methods  employed  for  the 

termination  of  bacteria  in  sewage  and  waters      .  SSfi 

n  of  water  Id 419 

767 

minatlon  of 146 

,  eiuninaUon  of S93 

nof 673 

:amlnatloQ  of  water  of 169 

ixamlnation  of  water  of 169 

examinatioD  of  water  of 816 

t>on,  water  snpply  of 146 

76« 

e's  River  at 393 

idvlce  of  Board 63 

lonsamptlonof  water  in 419 

irtallty,  1896 716 

jrted,  1895 716 

nortallt;  reports  from  cities  and  to^na        .         .  712 
es  and  towus  having  &  population  of  more  than 

736-760 

a  Lawrence,  1886-96 7 

886-94 Ilx 


>D  of  wmter  In 419 

if,  ftdTice  of  Board 6S 

BzamlDatlon  of 151 

gr,  ezsmlDatioaofwatBrof 201 

an  of  w&ter  to 419 

769 

uamlnation  of ISI 

for  sewage  pDriQcatloD  at  Lawrence  ....  478 

'  water  pnrlllcaUoD  at  Lawrence         ....  fi06 

xamination  of  water  of 82 

770 

esamJiiatloa  of 403 

examination  of ie2 

bfleld,  examination  of  water  of 126 

lllamstown,  examliutloo  of  waterfof         ...  887 

42S 

UOD xxtt,  639 

ea  examined 639 

[  done  daring  tbe  year 6S9 

E  of  prcTloQB  years 641,642 

643 

Dfroilk 64S 

milk 645 

647 

to  wbicb  notices  were  sent  on  accoont  of  adulterated 

648 

to  which  noUcea  were  aent  on  account  of  adulterated 

r  than  mUk 649 

to  which  notices  were  sent  on  account  of  adulterated 


P.  Worcester  on  anal<rs«a  of  food  and  dmga 
y.  A.  Ooeasmann  on  the  milk  of  western  Massacbnsetts 

examination  of  water  of 

izamlnatlon  of  water  of 

ion  of  water  of 

pt^oa  of  water  tn 

apply  District,  water  supply  of,  ezamlnaUoa  of 
ipUon  of  water  In 


Boston  Water  Works,  examination  of  water  of  . 
Boston  Water  Works,  examination  of  water  of  . 

examination  of 

leath  sewers,  examination  of  water  Ol 

m  of  water  In 

examination  of 


reservoirs —  <7oneIt«I«(I. 
Dse,  Spot  Pood  (StoDehAm)  . 

'Servoir  aod  Little  Qulttocas  Pood 
id  (Dedbaro) 

loldeD  storage  reservoirs 

1;  or,  ex&miDatloD  of    . 

e,  water  suppl;  of.  eiamlnatloD  of 

loHtloD  or  water  of        .         .         . 

ur  In  (see  RaDdolph) 

ftandolph) 

itlon  to  water  supply  ■ 
1  Pine  Hill  Reservoir  . 
]  Quinepoiet  River 


examl nation  of  water  of 

at  Adams 

ion  of  water  of 
of.  at  New  Lenox 
ilnatlon  of     .        .        . 
Pond,  Berlin  . 
jham)     .... 
,terlD     . 

uppl;  of,  examlDatioD  of 

18) 

lUdbury  rivers 


iiUI 

oard,  1895 TSa 

(S«  Food  and  Drug  Inspection.) 

al  statlsllcB II 

772 

Ion  of     .        .        .               ....  187 


KeDoza  Lake,  Haverhill,  examlnatloo  of  water  of 
Kimball's  Pond,  Ameabury,  examlnatloD  of  waler  of    . 
Kingston,  water  sapplj  of,  advice  of  Board  .... 

E lamination  of 

Kldne;  diseases,  mortality  from 

Lard,  lospectlOD  of 

Lawrence  Experiment  Station,  detailed  account  of  work  at,  in 
'Lawrence  city  filter,  operation  of,  with  tables  of  dally  results 
Lawrence,  consumption  of  water  Id 

Water  supply  of,  examination  of 

Merrimack  River  at,  examination  of  water  at     ,       196, 

Flow  of  Merrimack  River 

Lead  poisoning 

Lee,  health  of 

Leicester,  water  supply  of,  examination  of  . 

Advice  of  Board 

Lenox,  water  supply  of 

Leominster,  water  supply  of,  examination  of       .        .        , 

Advice  of  Board 

Lexington,  consumption  of  water  In 

Health  or 

Water  supply  of,  examination  of 

Lily  Pond,  Coha.'iKet.  examination  of  water  of      .       .        . 
Lily  Pond,  Edgartown,  examination  of  water  of  . 
Lincoln,  water  supply  of  (see  Concord)         .... 
Little  Chaunc;  Pond,  Westborough,  examination  of  water  of 
Little  Qulttacas  Pond,  LakeviUe,  examlnatlun  of  water  of  . 
Little  South  Pood,  Plymouth,  examination  of  water  of 
Local  hoards  of  health 

Act  providing  for  election  of 

Local  nuisances 

LoDgham  Brook  Reservoir,  Salem  and  Beverly,  examination  o 
Longmeadow.  cun^umptlon  of  water  In  .... 

Water  supply  of 

Long  Pond.  Lakevllle,  eiamluation  of  water  of    . 

Lowell,  consumption  of  water  In 

TTealih  of 

Water  supply  of,  examination  of 

Advice  of  Board 

Merrimack  River,  examination  of  water  of . 
Lower  Sandra  Reservoir,  Westborough,  examination  or  water 
Lndlow,  water  supply  of  (see  Springfield)    .... 
Ladlow  Reservoir,  Sprlngfletd,  examination  of  water  of 
Lulu  Brook,  PIttsQeld.  examination  of  water  or   . 
Lnng  diseases,  acute,  weekly  summary  of  deaths . 
Lynde  Brook  storage  reservoir.  Worcester,  examination  of  wa 

Lynn,  health  of 

Lynn  and  Saugns,  coDsnmptlon  of  water  In  . 

Water  snpply  of,  examination  of 

Heights  of  water  In  ponds  and  storage  reservoirs  . 


Mace,  Inspection  of 673 

Hogog  Brook  and  Magog  Pond,  Acton,  examination  of  wat«r  of        .        .  T8 

Malarial  fever,  mortalltj  from izvlll 

Prevalence  of ilv 

Weekly  summary  of  deaths 721 

Maiden,  conaamptlon  of  water  in 42C 

Water  supply  of,  examination  of 219 

Maiden,  Medford  and  Melrose,  water  eopply  of,  eiamlDatlon  of                 .  217 

Heights  of  wat«r  Id  Spot  PoDd 21C 

Manchester,  consumption  of  water  tn 120 

Water  aupply  of,  examination  of 220 

Manhan  Brook,  Southampton,  examination  of  water  of       ...        .  ISC 

Mansfield,  consumption  of  water  Id 42C 

Mansfield  Water  Supply  District,  Mansfield,  water  supply  of,  examlDatloD 

of 231 

Maoual  of  bealtb  laws iiv' 

Maple  sugar,  Inspection  of 646,674 

Maple  »jrup.  Inspection  of 646,674 

Marbtehead,  consumption  of  water  In 42( 

Water  supply  of,  examination  of 221 

Marlborough,  consumption  of  water  In 42( 

Health  of 77( 

Sewage  disposal  at 624 

Examination  of  waler  of  Walker's  Brook  (Boston  Water  Works)  lOi 

Water  supply  of,  examination  of 22! 

Marriages  and  marriage  rates,  1H8B-94 Ill 

By  counties.  1891-94 Ill 

By  ages,  1891-94 1h 

By  months,  1S94 I\ 

Martin's  Pond,  Groton,  examination  of  water  of 16f 

MassBchnsetts,  vital  statistics  of,  1894 xlli 

Mattapan,  examination  of  Neponset  River  at 411 

May  Brook,  Pittsfleld,  examination  of  water  of 27i 

Maynard,  consumption  of  water  in 4S( 

Water  supply  of,  examination  of 221 

Measles,  mortality  from Iilv,  livl 

Weekly  summary  of  deaths T2C 

Reported  cases  of 726,  72( 

MedOeld,  examination  of  water  from  a  spring 226 

Sewage  disposal  at 63! 

MedSeld  Insane  Asylum,  water  supply  of,  examination  of   ...         .  22? 

Medford,  health  of 776 

Water  supply  of,  examination  of  (see  also  Maiden,  Medford  and'Mel- 

rose) '       .  225 

Under-dr&lns  beneath  sewers,  examination  of  water  of         .        .        .  229 

Meetlng-Housu  Pond,  Westminster,  examination  of  water  of      .        .       ,  154 

Medical  examiners,  returns  of Ixvill 

Medmay,  examination  of  water  from  test  wells  and  spring  ....  229 

From  Charles  River 23C 

Melrose,  consumption  of  water  In 4SC 

Health  of 77G 


Mortality  reports —  Concluded. 

Dlarrhteal  diseases 

Diphtheria  aod  croup 

Measles 

Scarlet  fever 

Typh<)1d  fever 

WhooplDg-cough,  malarial  fever,  erysipelas  and  paerperat  fever  . 
Morton  Brook  Reservoir,  Chicopee,  examlnatloa  of  water  of       .        ,         . 
Muddy  Cove  Brook,  DIghtoD,  examlDutlon  of  water  of         ...         . 

Mumford  River  at  Uxbrldge,  examloatloD  of i 

Mnschopauge  Lake,  Rutland,  examlnstlon  of  water  of  .... 

Mustard,  inspection  of 

Mystic  Lake  (Boston  Water  Works),  examination  of  water  of    . 

Naliant,  consumption  of  water  In  (see  Swampscott) 

Water  supply  of  (see  Swanipscutt) 

Nantucket,  coDsuioptlon  of  water  In 

Water  supply  of,  examination  of 

N'aBlina  lilver.  examination  of 

North  Branch  below  Fitchburj; 

North  Branch  above  Lancaster 

Stillwater  River  at  Sterllnj; 

At  Groton 

Quinepoiet  River  In  Holden 

Soath  Branch  above  Clinton 

SOQth  Branch  above  LancaKttr  

Nailch,  consumption  of  water  In 

Water  sapply  of,  examination  of 

Heights  of  water  In  Dug  Pond 

Needham,  consumption  of  water  In 

Water  supply  of.  examination  of 

Neponset  Meadows,  sanitary  condition  of 

Neponset  liiver,  examination  of 

At  Norwood 

Above  Hyde  Park 

At  Hyde  FHfk 

At  Mattapan 

New  Bedford,  conanmptlon  of  water  In 

Health  of 

Water  supply  of,  examination  or 

Heights  of  water  In  Acushnet  Reservoir  and  Little  Qulttacas  Pond 
Nenburyport,  consumption  of  water  In 

Water  supply  of,  examination  of 

New  Lenox,  examination  of  Housatonlc  liiver  at 

Newton,  consumption  of  water  In 

Health  of 

Water  supply  of,  examination  of , 

Main  under-drain  beneath  Laundry  Brook  valte;  sewer,  examination 
of  water  of 

Main  nnder-drain,  Cheesecake  Brook  division,  examination  of  water  of 

Main  ander-drain,  Hyde  Brook  division,  examination  of  water  of 


Plae  Hill  Reservoir,  Holden,  examlnatlQD  of  water  of ITI 

PittHSeld,  milk  of SS4 

Water  supply  of,  exBrnlaadon  of 271 

Advice  of  Bo&rd U 

PUlnvUle,  water  supply  of  (see  Wrentbam) S8,  Sfii 

Fleasaat  Lake,  Hontagae,  examlaation  of  water  of S8J 

Pleasant  Pood,  Wenham,  examlDaUoD  of  water  of S3C 

Plymouth,  water  aappty  of,  eiamlnation  of 28C 

PoeumoQla,  mortality  from Ixv,  Isvl' 

Pollution  of  inland  waters B'l 

Fond  Brook,  Gardner,  examination  of  water  of 624 

Pontoosnc  Lake,  Fittsfleld,  examination  of  water  of 2TI 

Population  of  cities  and  to wna  having  and  not  baving  public  water  supplies  il'i 

PopnlatloD  of  Massachusetts xU) 

Of  cltiea  and  large  towns,  1895  (United  States  census) ....  T8( 

Powderbora  Brook  Reservoir,  Chtcopee,  examination  of  water  of       .        .  13{ 

Powow  Hill  Water  Company,  Amesbury,  advice  of  Board    ....  li 

Examination  of  water  of 3f 

Precipitation,  chemical,  of  sewage  at  Lawrence 450,  i6'i 

Prodlglosns,  BaclUas,  method  of  application  to  water  Qlters  at  Lawrence  .  G2E 

Prosecutions 6G( 

ProvincetowD.  consumption  of  water  In i2i 

Health  of 77S 

Water  supply  of,  examination  of 261 

Puerperal  fever,  mortality  from Ixvll 

Weekly  summary  of  deaths 721 

Purlflcation  of  sewage  In  cities  and  towns  In  Uassachnsette        ...  601 
Purification  of  sewage  and  water.    (See  Sewage,  Filtration  of,  and  Water, 
Filtration  of.) 

Quantitative  efficiency  of  experimental  water  filters  at  Lawrence                .  60£ 

Quiacy,  consumption  of  water  In 42C 

Health  of 77S 

Water  sapply  of,  examination  of 283 

Heights  of  water  In  storage  reservoir 28( 

Qnlnepoxet  River,  examination  of,  In  Holden 404 

QuiDHlgamond  River  at  FamumsvUle,  examination  of 388,  3BE 

Qulaslgamoud  Lake  (Sbrewabnry).  pollution  of,  advice  of  BoanI        .         .  69 

Rainfall,  normal,  In  Massachusetts 431 

At  Dine  places  in  Massachusetts,  geographically  selected     , .        .        .    422^25 
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